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ADVERTISEMENT. 


^T^HE  general  troths  in  any  fcience  are  continually  mtd- 

■*■      tiplied,  as  its  perfection  advances,  and  as  its  means  of 

invefLigarion  are  improved.     Such  has  been  the  fortnne  of 

chemiftiy.     Its  &r&  principles  have  been  but  lately  afcertaiiw 

ed:  And  it  is  already  rich  in  corollaries,  or  general  refults, 

which  embrace  and  combine  all  its  parts.    A  fyftematic  view 

jf  thefe  refults  may  be  highly  ufeful.  During  thefe  laft  twelve 

years,  I  have  conftantly  endeavoured  to  arrange  them  into 

fotne  fuch  farm.     I  have  often,  in  my  courfes  of  lectures, 

given  a  flcetch  of  the  arrangement  I  had  adopted  :  More  par* 

ticulariy,  in  thofe  le&ures,  with  which  I  every  year  clofe  my 

courfe.    When  explaining  the  phenomena  exhibited  by  the 

known  elaflic  fluids  in  their  evolution,  their  fixation,  and 

their  influence  upon  all  the  operations  of  Art  and  Nature ;  J 

take  occafion  to  review  the  fundamental  principles  of  the 

Science  ;  and  give  fuch  an  abftraft  of  its  whole  materials,  aa 

recalls  to  memory  all  the  changes  to  which  natural  bodies  are 

liable,  under  the  power  of  their  reciprocal  attractions.     But, 

in  any  attempt  to  combine  together  thefe  capital  truths,  great 

perfpicacity'of  difceroment  is  requisite,  to  enable  us  to  feleft 

thofe  more  general  fads,  in  which  all  the  minuter  ones  are 

be  fo  comprehended,  that  they  may  be  deduced  from  them,  as 

fi>  many  corollaries.     Thofe  mare  general  fads  mud  like* 

vife  be  exprefied  with  perfpicuity  and  precifion,  without 

ambiguity,   without  doubt,   without  locfenefs  of  language. 

They  muft  not  be  too  numerous,  but  yet  fufliciently  fo  to 

include  every  general  faft  of  any  importance.     They  muft 

*Ifo  be  arranged  in  fuch  a  confecutive  feries,  and  with  a  nnw 

A  tu*\ 


9  ADVERTISEMENT. 

tual  connexion  fo  natural ;  that  they  may  exhibit  all  the  ele* 
ments  of  the  fcience,  and  may  (hew  their  reciprocal  relations 
and  dependencies. 

Thefe  ideas  have  regulated  my  inveftigation  of  thofe 
truths.  I  thought  that  they  might  ferve  for  the  foun- 
dations of  a  complete  fyftem  of  chemiflry ;  which  fliould 
embrace  fuch  a  number  of  principles,  and  thofe  fo  happily 
applicable  to  every  minuter  phenomenon  ;  that  it  might 
enable  perfons  already  well  acquainted  with  the  fcience,  to 
xecollect  all  that  immenfe  multitude  of  fafts  of  which  it  is 
compofed  ;  and  might,  at  the  fame  time,  explain  to  the  begin- 
ner in  chemical  ftudies,  the  nature  of  the  courfe  on  which  he 
is  entering. 

It  appeared  to  me,  that  I  fliould  beft  accompli fh  this 
purpofe,  by  exhibiting  a  regular  feries  of  propositions, 
allied  to  one  another  by  general  relations,  and  fo  arran- 
ged, that  their  mutual  connexion  migjbt  be  eafily  perceived. 
This  I  call  The  Philosophy  of  Chemistry.  All  the  pro- 
pofitions  contained  in  it,  have  been  already  printed  under  the 
article  Axioms,  in  the  chemical  department  of  the  New  En- 
cyclopaedia. For  the  ufe  of  the  ftudent  of  chemiflry,  I  have 
thought  proper  to  publifh  them  ,alfo  apart,  and  in  a  commo- 
dious form. 

The  fuccefs  of  the  firft  edition  of  The  Philosophy  of 
Chemistry,  has  encouraged  me  to  reprint  it.  I  have  made 
a  few  alterations,  and  fome  fmall  corrections,  but  hardly  any 
addition.  The  nature  of  the  work  is  fuch,  that  it  can  be  little 
enlarged,  until  the  fcience  (hall  be  greatly  augmented,  and 
enriched  with  important  new  difcoveries. 


PHILOSOPHY 


PHIWSOPHT  OF  CHEMISfRT. 


ALL  the   obfervations  and  experiments  of  ChemiHry, 
.    may  be  reduced  under  the  twelve  following  general 
heads. 

I.  The  a&ion  of  Light. 

II.  The  ad  ion  of  Caloric. 

* 

III.  The  action  of  air  in  Cgmbuftion. 

IV.  The  nature  and  adion  of  Water, 

V.  The  nature  and  adion  of  Earths;  the  formation  of 
Alkalis  ;  and  the  parts  which  thefe  bodies  aft  in  combinations. 

VI.  The  nature  and  properties  of  Combuftibk  Bodies. 

VII.  The  formation  and  decompo5tK»n  of  Acids. 

VIII.  The  union  oi  Acids  with  Earths  and  Alkalis. 

IX.  The  oxidation  and  folution  of  Metals. 

X.  The  nature  and  formation  of  Vegetable  Sulftances. 

XI.  The  tranfition  of  Vegetable t  into  the  (late  of  AnimaJ 
Matters  ;  and  the  nature  of  Animal  Matters. 

XIII.  Laftlv,  the  fpontaneous  d£compofition  of  Vegetable  and 
A\\rr.al  SubRances. 

I 

These  twelve  articles  may  be  made  the  titles  of  fo  many 
i:i2pters  ;  tinder  each  of  which,  may  be  introduced  all  fuch 
particulars  as  have  a  more  natural  and  direft  connexion  with 
it,  than  with  any  of  the  others  ;  and  which  fliall  all  together 
^pi^hcad  the  whole  fum  of  our  Chemical  Knowledge. 

A  *  CHAP. 


SB* 


CHAPTER   I. 


T.bt  Action  of  Light. 

I.  T  IGHT,  whether  it  be  emitted  from  the  Sun  and  the 
-1— *  Fixed  Stars,  or  be  naturally  diffufed  through  all  ma- 
ter: J  L.ace,  has  four  tflerent  modes  of  action  in  refpeft  to 
the  other  bodies  with  which  it  c  mes  into  contact.  It  if 
either  reflected  wholly  without  decompofition  from  their  fur- 
faces,  fo  as  to  give  the  fenfation  of  Wbitetufs,  when  it  meets 
the  eye ;  Or  it  is  decompofed,  and  but  partially  reflected,  ex- 
hibiting any  of  all  the  variety  of  colours,  except  White  and 
Black  :  Or  it  is  more  or"  lefs  entirely  abforbed,  fo  as  to  afford 
to  the  eye,  nothing  but  a  Black  {hade  :  Or  it  paffes  through 
the  bodies  meeting  it,  with  a  greater  or  a  fmaller  deviation 

from  its  former  direction  towards  the  perpendicular  j  which 

# 

conftitutes  7r an/par ency. 

II.  Puffing  through  tranfparent  bodies,  it  is  refracted  in  the 
direct  ratio  of  their  denfitj,  if  they  be  incombuftible  ;  and 
the  refraction  increafes  in  the  direct  ratio  of  the  increafe  of  the 
combuftibilityof  the  body  through  which  the  light  paffes. 
Hence  did  Newton  conjecture  the  combuftibility  of  the  dia- 
jnond,  and  the  exiftence  of  a  combuflible  principle  in  water. 

III.  Light  fuffering  refraction,  is  decompofed  into  feven 
different  rays  ;  red,  orange,  yellow,  green,  blue,  indigo,  and 
violet.  It  has  been  fuppofefl,  that  three  of  thefe  colours  are 
fimple ;  red,  yellow,  and  blue  ;  but  the  other  four,  com- 
pounded, each  of  thofe  two  which  appear  on  each  fide,  next  to  it 
in  the  refracted  pencil  of  rays  ;  orange,  of  red  and  yellow  ; 
green,  of  yellow  and  blue  ;  indigo,  of  blue  and  violet ;  violet, 
of  red  tod  indigo.   This  opinion,  however,  has  not  been  fatis- 
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The  ABion  of  light*  5 

fadorily  proved*  The  decomposition  of  light  by  the  prifm,  is  a 
fort  of  analyfis  of  it. 

IV.  Light  a£b  likewife  chemically  upon  bodies,  in  procefies 
of  combination  and  decompofition.  Bodies  immerfed  in 
light,  differ  in  their  charafter,  from  bodies  kept  remote 
from  its  contact,  ;  even  when  the  other  circumftances  are 
equal*  The  former  ufually  become  coloured,  volatile,  and 
inflammable ;  the  latter  exhibit  properties  oppofite  to  thefe. 

V.  By  this  chemical  action  of  light,  fome  acids  are  decom- 
pofod,  and  various  other  falts  undergo  a  change  of  nature ; 
metallic  oxides  are  in  general  reduced  nearly  to  the  metallic 
fbte  ;  vegetables  acquire  colour,  fapidity,  and  inflammability. 
Plants  withdrawn  from  the  impulfe  of  light,  remain  white 
and  iniipid ;  in  cooiequence  of  which  they  are  faid  to  be 
*tiolattd. 

m 

VI.  light  (eems  to  produce  thefe  effefts,  almofi  folely  by 
ahftracring  from  bodies  which  have  been  burnt,  that  principle 
which  they  abforbed  during  the  combuftion  ;  and  by  thus  re- 
Soring  to  them  that  combuftibility  which  they  had  loft.  It 
may  be  laid,  that  light  unburns  burnt  bodies. 

The  foregoing  propqfitions  may  be  applied  to  explain 
The  colours  of  bodies ; 
Tranfparency ; 
Opacity; 
Brilliancy ; 

Single  or  double  ref  radion  j 
Metallic  luftre; 

The  decompofition  of  acids  and  of  metallic  oxides  ; 
Decompofition; 

The  alteration  of  mineral  colours ; 
Vegetation ; 

The  renovation  of  the  vital  air  in  the  atmofphere ; 
The  decompofition  of  water  by  the  leaves  of  plants; 
The  formation  of  oils  ; 

The  differences  of  nature,  which  diftinguifh  the  vege- 
tables of  feot,  from  thole  of  cold  climates. 
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The  Action  of  Caloric. 


I*  THAT  which  mankind  in  general  call  Heat,  is  a  fenfa<* 
Hon  produced  by  a  fubftance  which  modern  chemifts  denomi- 
nate Caloric.  Caloric  applied  to  the  human  body,  in  a  pro- 
portion larger  than  that  in  which  it  already  exifts  in  it,  warms 
Our  frame,  and  prefents  heat  to  our  fenfes.  When  matters 
lower  in  temperature  than  our  body,  are  applied  to  it,  there 
is  a  portion  of  its  caloric  abftraded  ;  and  we  feel,  of  confe- 
rence, the  fenfation  of  cold. 

II.  Caloric  penetrates  through  all  the  other  fubflances  in  na- 
ture. It  feparates  their  component  particles  from  one  ano- 
ther,  and  makes  room  for  itfelf  among  them.  It  diminiihes 
their  mutual  attraction  ;  and  dilates  the  bodies  which  they 
compofe.  It  fufes  folids  ;  and  rarefies  liquids  to  fuch  degree 
that  they  become  in vifible,  aflunie  the  form  of  air,  and  are  thus 
converted  into  elaftic,  compreffible,  aeriform  fluids.  Liquids 
are  therefore  combinations  of  folids  with  caloric  ;  gaffes  are 
folutions  of  diverfe  bodies  in  caloric.  Caloric  is  of  itfelf,  the 
moil  divided,  the  moff  attenuated,  the  lighted,  and  the  mod 
elaftic  of  all  the  fubflances  in  Nature  :  And  hence,  its  gravity 
cannot  be  eftimated. 

III.  Caloric  augments  the  mutual  attractions  of  contiguous 
bodies,  precifely  in  the  fame  proportion  in  which  it  divides, 

and 
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and  diminilhes  the  mutual  attra&ion  of  the  component  par- 
ticles of  each  of  them.  In  confequence  of  this,  it  is  fuccefs- 
fully  employed  to  efieft  new  combinations  ;  and  to  promote 
the  reciprocal  union  of  different  bodies.  Hence  the  axiom 
corpora  nam  aguntf  mfifoluta ;  bodies  a&  not  on  one  another 9 
wdefs  previoufly  diffblved. 

IV.  Every  different  body,  having  form  and  an  arrange- 
ment of  its  conftituent  particles  peculiar  to  itfelf,  requires  a 
peculiar  quantity  of  caloric,  to  heat  it  to  any  given  tempera- 
tare :  which  is  called  its  particular  capacity  for  containing 
caloric.  From  this  it  follows,  that  different  bodies,  even  when 
of  the  fame  temperature,  and  when  indicating  the  fame  de- 
gree of  the  thermometer,  really  contain  different  quantities 
of  caloric. 

V.  That  particular  quantity  of  caloric,  which  each  differ- 
ent body  requires,  to  communicate  to  it  any  given  tempera- 
ture, is  called  its  fpecific  caloric.  And  as  the  differences  of 
this  fpecific  caloric  in  different  bodies,  cannot  be  meafured  by 
die  thermometer;  there  has  been  an  invention  produced,  which 
meafures  the  differences  of  fpecific  caloric  in  different  bodies 
tf  the  fame  temperature,  by  ascertaining  the  quantity  of  ice; 
which  each  of  thefe  bodies  melts,  while  falling  from  the  fame 
higher  to  the  fame  lower  degree  of  the  thermometer.  l*he 
differences  of  the  quantities  of  melted  ice,  indicate  the  diver- 
fides  of  fpecific  caloric  in  the  different  bodies  thus  compared. 
The  inftrument  which  this  invention  employs,  is  called  a 
Calorimeter. 

VI.  All  the  experiments  of  thofe  modern  philofophers  who 
have  iflveftigated  the  theory  of  caloric,  concur  to  prove,  that 
bodies,  when  they  change  their  ftate,  fuffer  alfo  a  change  of 
their  refpe&ive  capacities  for  containing  caloric.  By  the 
change  of  the  fate  of  bodies  9  is  meant,  the  alteration  of  their 
fblidity,  liquidity,  or  elaftic  fluidity.  By  the  mixture,  there- 
fore, of  any  two  folid  bodies,  of  unequal  temperatures,  and 
not  entering  into  mutual  combination,  but  having  the  fame 
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capacity  for  containing  caloric,  we  (hall  obtain  a  mafs.of  an 
exa&ly  intermediate  temperature.  But  if  thefe  two  bodies* 
be  of  unequal  capacities  for  containing  cajorio,  then  the  tern- 
jtf  rature  of  the  mixture  will  not  be  precisely  intermediate  be- 
tween the  temperatures  of  the  two  different  bodies  *  And  ac- 
cording as  it  recedes  more  or  lefs  from  the  precife  interme** 
dium,  will  the  difference  between  the  capacities  of  the  two 
bodies  be  greater  or  lefr. 

VII.  The  foregoing  fads  (hew,  that  calorie  has  different 
attractions  or  degrees  of  affinity  for  different  bodies.     In  all 
combinations,  therefore,  the  varied  attraction  of  caloric  ought . 
to  be  carefully  obferved,  and  eftimatecL 

VIII.  When  bodies  enter  into  mutual  union*  they  either 
fuffer  a  lofs  of  caloric  ;  which  {hews  the-  new  compound  to  > 
have  a  fmaller  capacity  than  its  coa&ituent  parts  had,  for  con- 
taining caloric  -y  and  in  which  cafe,  the  procefs  exhibits  heat . 
to  our  organs,  and  the  temperature  of  the  mixture  rifes*. 
as  is  themoft  common  efie&:  Or  elfe  the  bodies  entering, 
into  combination,  abfbrb  caloric;    and  the  new  compound 
contains  more  caloric,  than  its  component  parts  contained- 
when  they  were  feparate ;  in  which  cafe,  the  mixed  fubitance*^ 
cool,  while  the  combination  is.  taking  place ;  the  caloric  which  < 
was  before  diffufod  in  a  free  ftate  among  their  component 
particles,  is  now  more  intimately  combined  with  them  \  and 
there  is  even  an  abfocption  of  calorie  from  contiguous  bo- 
dies, 

IX.  Caloric  fometimes  adheres  fo  tenacioufiy  to  particular  - 
bodies,  as  te  hinder  thefe  from  entering  into  combination  with 
other  bodies  prefented  to  them.  There  are  various fohfttftcea?. 
which,  when  rarefied  to  the  ftate  of  gazeous  or  elailic  flui- 
dity, neither  unite  with  extraneous  matters,  nor  with  an* 
another.     Double  affinities  muft  bo  employed,  if  we  wife  to\ 
make  them  enter  into  new  combinations,  without  having  firft. 
engaged  their  gazeous  form. 
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3L  So  powcrfbl  is  the  attraction  of  caloric  for  certain  bo- 
dies, that  it  is  very  often  ufefully  employed  to  detach  thofe 
bodies  from  compounds  in  which  they  are  combined ;  aAd  to 
analyfe  or  deoompofe  a  variety  of  compound  fubitances.  In 
diftillation,  and  in  procefles  of  decompofitiou,  effeded  by  the 
•id  of  fire,  the  whole  proeefs  confiffs  in  the  application  of  fire 
•r  caloric  to  matters  of  an  extremely  compound  nature. 
Thefe  matters  are  thus  gradually  difforved;  and  their  prin- 
ciples are  feverally  detached  in  a  vaporous-  or  gazeous  form, 
and  in  the  order  of  their  folubility  by  caloric. 

XI.  It  often  happens,  that  light  applied  in  conjun&ion  with 
caloric,  aids  its  operation,  and  vice  verfa,  Chemifts  find  it 
advantageous  to  ufe  tranfparent  veffels,  which,  when  in  the 
furnace,  admit  both  light  and  caloric  together.  The  effect  is 
tbe  lame,  when  opaque  veffels  are  fufficiently  penetrated  with 
caloric,  to  become  red-hot,  or  permeable  by  light. 

XII.  Some  bodies  abforb  caloric  much  more  rapidly  than 
others:  And  this  property  of  abforbing  caloric  is  termed 
rather  tbe  conducting  of  caloric.  Thofe  bodies  which  are  the 
aoft  highly  coloured,  are  in  general  the  beft  conductors 
of  caloric.  But  the  caufe  of  this  phae  -omenon  is  un- 
kaown. 

XIII.  All  thefe  fads  agree  in  proving,  that  caloric  is  a  pe- 
culiar fabftance ;  not,  as  fome  philofophers  have  fuppofed,  a 
modification  of  all  natural  bodies.  We  know  not,  as  yet, 
whether  it  be  fame  with  light.  The  farther  we  advance  in 
fcpkilofcpfcical  knowledge  of  Nature,  the  more  differences 
&  we  1131  continue  to  difcover  between  the  a&ion  of  the  one 
•f  thefe  bodies,  and  that  of  the  other. 

Application  of  the  foregoing  Axioms. 
The  Dilatation  of  folids  ;  and  the  Rarefaction  of  fluids*; 
Thermometers ; 
Fofioo; 

ioo,  and  Volatilization  j 

The 
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The  Calorimeter ;  a  table  of  the  fpecific  caloric  in  differs 

ent  bodies ; 
The  changes  of  temperature  in  different  mixtures  , 
Artificial  refrigeration  ; 
The  produ&ion,  and  the  fixation  of  Gaffes ; 
Diftillation,  with  different  temperatures  ; 
Incandefcence ; 

The  different  condu&ors  of  Caloric ; 
The  attra&ions  of  Caloric. 


CHAP. 


CHAP.   III. 


The  Action  of  Air. 


1.  THE  air  a£b  in  a  mafs,  upon  all  the  other  bodies  in 
Nature,  by  its  weight,  its  drynefs  or  moifture,  its  tempera- 
ture, &c.  Hence,  procefies  of  combination  or  decompofition 
to  which  air  has  free  accefs,  differ  greatly  from  thofe  per- 
formed m  vacuo.  And  for  this  reafon,  it  is  always  neceffary, 
in  chemical  experiments,  to  pay  careful  attention  to  the  indi- 
cations of  the  barometer,  the  thermometer,  and  the  hygro- 
meter. 

II.  The  atmofphere  is  a  vaft  laboratory  in  which  Nature 
continually  performs  numberlefs  proceffes  of  analytic,  folu- 
uoo,  precipitation,  and  combination.     It  is  an  imraenfe  re- 
cipient, in  which  all  the  attenuated  and  volatilized  produSs 
of  terreftrial  bodies,  are  received,  agitated,  mingled,  combined, 
or  Separated.     The  air  of  the  atmofphere  may  thus  be  re- 
garded as  a  vague  and  confufed  mixture  of  mineral  vapours, 
of  minute  particles  of  bodies  animal  and  vegetable,  of  femi- 
nl  grains  and  eggs  ;  through  which  the  luminous,  the  calo- 
"£>  and  the  ele&ric  fluids,  inceflantly  pafs  and  repafs  in  all 
wreftions.     Thofe  great  changes  to  which  it  is  liable' ;  the 
0PCI*tiou  of  each  of  which,  extends  at  once  through  a  wide 
tact  of  fpace,  and  which  are  exhibited  to  our  fenfes,  in  the 
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produ&ion  of  water,  light,  free  caloric,  and  nolfe ;  have  re* 

ceived  the  name  of  Meteors* 

III.  Although  of  a  compofition  fo  extremely  mixed,  and 
feemingly  uncertain ;  yet  is  the  air  of  the  atmofphere,  to 
our  perceptions,  the  fame  in  its  primary  qualities,  whatever 
the  place  from  which  the  fpecimen  is  taken.  Its  particular 
chamber  is  diftinguifhed  by  its  two  moft  eminent  properties — 
of  maintaining  combujtiou*.  and  being  fit  for  the  falutary  refpi- 
ration  of  animals.  Thefe  two  grand  phenomena  are  fo  near- 
ly allied  to  each  other,  that  a  diftinft  knowledge  of  the  nature 
of  air,  may  be  obtained  by  the  careful  observation  of  what 
pafles  in  the  cafe  of  combuftion. 

IV.  A  combuftible  body  will  not  bum,  unlefs  it  be  in  con- 
taft  with  atmofpheric  air,  or  with  a  certain  fubftance  extract- 
ed from  atmofpheric  air.  Combuftion  cannot  take  place  in 
vacuo. 

V.  In  any  given  quantity  of  air,  a  combuftible  body  can 
burn  only  for  a  certain  proportionate  fpace  of  time.  Am 
hundred  parts  of  atmofpheric  air,  contain  only  twenty-feven 
parts  that  can  contribute  to  combuftion.  After  a  combuftible 
body  {hall  have  abforbed  thefe  twenty-feven  parts,  the  com- 
buftion will  then  flop ;  becaufe  the  remaining  feventy»three 
parts  can  be  of  no  ufe  to  promote  it.  Atmofpheric  air  is  a 
compound  of  two  different  fubftances ;  having  only  fome 
other  extraneous  matters  mingled  with  it ;  which  do  not  ex- 
ceed an  hundredth  part  of  the  whole.  Of  thofe  two  compo- 
nent principles  of  atmofpheric  air,  one  ferves  for  the  purpofes 
of  combuftion  and  refpiration,  and  is  called  Vital  Air;  thg' 
other,  differing  from  vital  air,  in  pofleffing  qualities  direQJy 
contrary  to  its  two  moil  eminent  ones,  is  called  Gas  Azote. 

VI.  A  body  burning  in  common  air,  therefore,  actually 
analyfes  this  fluid  \  detaches  the  vital  air ;  and  by  abforbing 
it,  gains  an  increafe  of  weight,  and  undergoes  a  change  of 
nature.  The  gas  azote  that  remains,  is  lighter  than  atmo-» 
fpheric  air ;  extinguifhes  cotribuftion,  and  deftroys  animal 
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'fife ;  and  is,  as  we  (hall  hereafter  fee,  a  principle  in  tt>e  com*  . 
poficion  of  many  bodies,  particularly  of  ammoniac  or  the  vo- 
latile alkali,  of  the  acid  of  nitre,  and  of  animal  fob  (lances. 

VII.  A  combuftible  body,  after  being  burnt  in  atmo- 
fpheric  air,  and  abforbing  as  much  vital  air,  as  it  is  capable 
of  receiving  into  combination  with  it ;  cannot  again  burn,  al- 
though it  be  immerfed  in  frefli  air ;  but  has  become  incom- 
bnftible,  and  generally  (aline. 

VT11.  A  body  burning  in  atmofpheric  air,  never  entire- 
ly abforbs  the  ,27  parts  of  vital  air.  To  detach  the  whole 
of  the  vital  air,  from  any  quantity  of  the  air  of  the  at* 
mofpbere,  and  thus  to  accomplifh  a  complete  analyfis  of  the 
latter;. combuftible  bodies  muft  be  repeatedly  immerfed  in  it* 
and  the  combuftion  renewed  for  feveral  different  times  ia<Xuc-t  — 
cemoa. 

IX.  That  portion  of  air  which  is  thus  abforbed  by  com* 
boftiUe  bodies,  and  which  we  have  hitherto  named  Vital  Air9 
is  likewife  denominated  Gas  Oxigcne.  It  has  received  the 
frfi  of  thefe  names,  becaufe  it  is  the  only  elaftic  fluid  fit  for 
the  fclutary  refpiration  of  animals.  Th$fecond  has  been  af- 
fixed to  it,  becaufe  many  bodies  are,  by  the  abforption  of  it, 
rendered  acid. 

X.  Combuftion  conftfts,  then,  in  the  fixation  and  abforption 
of  vital  air  by  combuftible  bodies,  and  in  the  decomposition 
of  atmofpheric  air  by  thefe  bodies.  Since  no  elaftic  fluid  bnt 
vital  air,  can  aft  the  fame  part  in  combuftion ;  it  is  eafy  to 
conceive,  that  a  body  which  is  fufficiently  combuftible  to  ab- 
forb  all  the  vital  air  out  of  a  given  quantity  of  atmofpheric 
air ;  may  be  employed  as  a  means  of  ascertaining  the  precife 
proportions  in  which  the  two  elaftic  fluids  of  the  atmbfphere 
ut  combined  together  in  it.  Phofphorus  is,  upon  this  prin- 
ciple, at  prefent  ufed  as  an  Eudiometer,  to  indicate  the  purity 
°f  air,  that  is,  to  fliew  what  proportion  of  vital  air  it  con- 
tains. 

IX. 
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XT.  As  vital  air  is  a  Gas,  and  many  combuftible  bodies,  bj 
abforbing,  fix  it,  and  make  it  take  a  folid  form  j  it  muft  ne- 
ceffarily  happen,  that  vital  air,  when  thus  precipitated,  will 
lofe  the  caloric  to  which  it  owed  its  elaftic  fluidity.  Hence 
comes  that  free  caloric  or  heat,  which  is  evolved  during 
combuftion. 

XII.  Combuftible  bodies  differ  from  one  another,  1.  In  the 
degrees  of  rapidity,  with  which  they  refpe&ively  abforb 
oxigene  ;  2.  In  the  quantities  of  oxigene  which  they  refpec- 
tively  abforb ;  3.  In  the  proportions  of  the  caloric  which 
they  feverally  difengage  from  the  oxigene  abforbed ;  4.  And 
consequently,  in  the  more  orlefs  perfect  folidity  of  the  oxi- 
gene contained  in  them  all,  after  combuftion. 

XIII.  Burnt  bodies  may  therefore  be  defined  to  be  bodies 
combined  with  oxigene.  They  are  called  alfo,  oxigenated  or 
oxidated  fubftances.  And  fince  the  greater  part  of  thofe  bo- 
dies which  are  known  to  us,  are  either  burnt  or  combuftible  ; 
there  is  reafon  for  thinking,  that  a  nuniber  of  inconibuftible 
natural  bodies,  the  composition  of  which  is  unknown,  may 
pofGbly  be  hereafter  found  to  be  incombuftible,  only  becaufe 
they  are  already  faturated  with  oxigene.  In  feveral  inftances, 
this  conje&ure  has  been  already  confirmed  by  the  progrefs  pf 
chemical  difcovery. 

XIV.  From  feveral  of  thefe  preceding  axioms,  it  follows, 
that  when  we  bum  a  combuftible  body,  that  it  may  give  us 
heat ;  as,  in  our  domeftic  apartments,  in  the  cold  of  winter  ; 
we  derive,  not  from  the  combuftible  body,  but  from  the  air 
itfelf,  the  greater  part  at  leaft,  of  the  caloric  which  exifts  in 
combination  with  it.  [It  may  even  be  afferted,  that  the 
colder  the  air,  fo  much  the  more  heat  does  its  decompofitioa 
afford ;  for  the  colder  the  air  is,  the  more  is  it  condenfed  j 
and  fo  much  the  greater  is  its  quantity  in  proportion  to  its 
bulk.  We  know,  that  the  heat  of  our  common  fires  becomes 
much  more  lively  and  intenfe,  when  the  furrounding  air  is 
fuddenly  cooled.     The  art,  too,  of  increafing  combuftion  by 
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pouring  a  ftream  of  firdh  air,  with  bellows,  upon  wood  alrea- 
dy inflamed,  is  founded  upon  this  principle  *.] 

XV.  Comboftion,  therefore,  decompofes  not  only  atmo~ 
fpheric  air,  by  die  abforption  of  one  of  its  principles  ;  but  al- 
io the  vital  air  abftra&ed,  by  abforbing,  fixing,  and  fblidifying 
more  or  lefs,  the  oxigene  or  bafe  of  the  vital  air,  in  the  com- 
boftible  body ;  and  by  difengagtng  in  greater  or  (mailer  abun- 
dance, the  caloric  which  was  the  folvent  of  that  bafe. 

XVI.  Combuftion  exhibits  another  interefting  phatnome- 
noa  which  has  been  explained  by  modern  chemiftry.     This 

is 

*  The  Author  feems  here  to  mifreprefent,  or  to  exprefs  obfcurely,  the 
true  chemical  fad.    Cool  air  is  cold  and  denfe,  only  for  want  of  calorie, 
to  rarefy  and  warm  it.    Before  the  caloric  can  efcape,  and  the  orient 
enter  into  combination  with  the  burning  body ;  the  vital  air  muft  ever 
be  uturtted  with  caloric y  to  that  point  at  which  the  attra&ioni  of  omigene 
for  the  csmbufliblc  body,  and  of  caloric  for  other  contiguous  fubftancej, 
arc  fafficient  to  overcome  the  mutual  attraction  by  which  caltrie  and 
oxifent  are  held  in  union,  in  vital  air.    Now,  one  combuftible  bedy  may 
udecd  have  a  more  powerful  attraction  for  oxigene  than  another  ;  or/- 
gne  may  have   abforbed  caloric  beyond  the  due  point  of  laturaiion : 
And  hence  will  the  quantity  of  caloric  vary,  which  is  neceftary  to  fit 
iiui  air  for  ordinary  combuftion.    But  this  variation  is  never  fuch  as 
the  author  feems  in  the  text  to  fuppofe.    Cold  air  b  always  rarefied 
by  the  abforption  of  a  new  quantity  of  the  furrcninding  free  caloric,  be- 
fore it  enters  into  combuftion.    A  ftream  cf  denfe,  cold  air,  revives  and 
inflames  combuftion, — folely  by  the  more  rapid  mechanical  expulfion  of 
the  freed  gas  azcte;  by  the  abforption  or  expulfion  of  the  evolved  caloric, 
which  would  otherwife  have  floated  about,  ib  as,  to  make  the  procefs 
languish ;  and  by  a  removal  of  the  afhes,  or  the  new  compound  of  the 
combuftible  body  and  oxigene,  in  confequence  of  which,  freQi  parts  of 
the  combuftible  body,  are  expofed  to  the  contact  of  the  vital  air.    The 
icticn  ^i  bellows  in  promoting  inflammation,  is  thus  almoft  wholly  me- 
chanicals— In  reading  thofe  Sentences  of  the  text  which  I  have  inclofed 
within  brackets,  it  is  to  be  carefully  remembered,  that,  cold  air  docs 
«*t  mcefarily  contain  more  caloric \  than  the  fame  bulk  of  hot  air  may  contain  ; 
but  only  has  a  capacity  nf containing  more  ;  which  muft  commonly  be  more 
•r  left  fatirfied,  before  it  can  be  deeompofed  by  nmbaftion.    H. 
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is  the  djfengagement  of  light,  or  the  production  of  flame.  It 
is  certain,  that  the  greater  part  of  the  light  which  conftitute* 
flame,  is  contained  in  vital  air,  of  which  it  is  a  component 
puupiple :  I.  Becaufe  corabuflible  bodiejs  yield  much  more 
flame,  when  they  burn  in  vital  air  alone,  than  in  atmofpheric 
air  :  %,  Becaufe  fome  conpbuftible  bodies  afford  no  flame,  un. 
lefs  when  burning  in  pure  vital  air  :  3.  Becaufe,  in  order  Km 
abftraft  oxigene  out  of  bodies  containing  it,  for  the  formatioa 
of  vital  air  \  it  is  neceflary  not  only  to  diflbive  the  oxigene 
in  a  greater  or  fmaller  quantity  of  caloric,  but  alfo  to  add,  at 
the  fame  time,  a  due  portion  of  light :  4.  Laftly,  Becaufe 
there  are  burnt  bodies,  which,  at  the  bare  contact  of  light,  are 
deprived  of  their  oxigene.  The  laft  of  thefe  four  fads  is  ex- 
preffed  by  the  terms,  unburning  and  decombuftion ;  pheno- 
mena which  were  faid,  in  the  firft  chapter,  Jo  be  produced  by 
the  aftion  of  light. 

XVII.  Vital  air  is  therefore  a  compound  of  oxigene  ;  a  fo- 
Hdifiable,  ponderous,  acidifying  bafej  held  in  folution  by 
caloric,  and  light ;  which  are  of  themfelves  fubftances  in  a 
flate  of  extreme  attenuation,  extremely  elaftic,  and  having  no 
meafurable  gravity.  Combuftion  confifts  in  the  more  or  lefs 
perfect  precipitation  of  oxigene  from  its  union  with  thefe  its 
two  folvents. 

XVIII.  A  combuftible  body,  then,  when  burning,  difen<-  ■ 
gages  from  vital  air,  not  only  caloric,  but  light  alfo.  E very- 
different  combuftible  body  difengages  its  own  peculiar  por- 
tion, as  well  of  light  as  of  caloric,  from  vital  air.  There  arc  ' 
probably  fome  combuftible  bodies  which  difengage  more  of 
caloric  than  of  light  from  vital  air  ;  and  others  again  which 
difengage  from  it  more  of  light  than  of  caloric. 

XIX.  Oxigene  that  is  fixed  in  burnt  combuftible  bodies,  is 
therefore  more  or  .lefs  entirely  deprived  of  its  light  and  ca- 
loric. The  denfity,  the  folidity,  which  it  then  acquires,  is  one 
of  the  caufes  that  regulate  the  more  or  lefs  eafy  feparation  of 
•xigene  from  burnt,  combuftible  bodies,  for  the  formation  of 

new 


V 


7%*  Jt&iom  of  Air*  17 

sew  vital  air.  Some  of  thcfc  bodies  require,  in  order  to  this, 
more  of  light  than  of  caloric,  while  others  take  more  of  ca- 
loric than  of  light. 

XX.  From  what  is  here  faid,  it  is  eafy  to  conceive,  that 
the  abftra&ion  of  oxigene  from  a  burnt  body,  is  a  procefs  di- 
re&ly  the  reverfe  of  combuftion.  Our  language  wants  a  word 
to  exprefs  this  operation.  It  may  be  faid  to  unburn  or  <&- 
maiaU  bodies :  And  hence  we  may  derive*  unburning  or  de- 
*xidatio*y  as  names  to  denote  the  event  accomptiihed. 

XXI.  Oxigene,  betide  adhering  more  er  lef»  tenacioufly 
to  comboftible  bodies,  according  as  it  is  in  its  union  with 
them,  more  or  lels  folid,  and  has  loft  more  or  lefs  of  its  fol- 
vents,  caloric  and  light ;  is  alfo  attached  to  thofe  bodies  by 
virtue  of  its  attractions,  or  peculiar  affinities  for  every  dif- 
ferent one  of  thenvrefpe&ively.  We  are  already  acquainted 
with  many  of  thefe  affinities  of  oxigene,  for  different  bodies : 
And  of  fome  of  them,  the  precife  forces  even,  have  been  cor- 
n&ly  ascertained. 

XXII.  By  means  of  thefe  affinities,  we  often  make  oxigene 

to  pals  from  a  burnt,  into  a  combuftible  body.     A  fpecies  of 

combuftion  then  takes  place,  which  is  more  or  lefs  tacit  and 

feret,  in  proportion  as  the  oxigene  is  more  or  lefs  folid  in 

its  combination  with  the  burnt  body,  and  more  or  lefs  in  the 

fane  ftate  of  denfity,  as  the  fubftance  into  which  it  is  paffing. 

Bat  this  fpecies  of  combuftion  is  fometimes  accompanied 

*ith  vivid  flame  and  heat ;  phenomena  which  are  exhibited, 

whenever  the  body  which  receives  the  oxigene,  requires  it  in 

*  fate  more  folid  than  that  in  which  k  exifted  in  the  fub- 

faocenow  divefted  of  it.     Thus  iron,  line,  antimony,  arfe- 

AKffcc.  burn  with  flame,  when  heated  in  contact,  with  oxide 

of  mercury:  They  rob  this  oxide  of  its  oxigene,  and  require 

^  oxigene  to  become  more  folid,  as  it  enters  into  combina- 

*<*  with  them. 
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The  foregoing  propqfitions  may  be  applied  to  explain 

The  refiftance  which  the  air  makes  to  evaporation,  to  the 
ebullition  of  liquids,  to  fublimation,  Sec*;   - 

The  folution  of  water  in  air,  and  the  variations  of  the 
drynefs  and  raoifture  of  the  atmofphere  ; 

The  efflorefcence  and  deliquefcence  of  f aline  bodies ; 

Aqueous  meteors ; 

Experiments  made   at  different  heights  in  the  atmo- 
fphere ; 

Experiments  made  in  vacuo; 
-     The  comparative  natures  of  combuftible  bodies  ; 

The  increafe  of  the  weight,  and  the  change  of  the  nature 
of  thefe  bodies  after  combuftion  ; 

The  hi  (lory  of  native  burnt  bodies  ; 

Artificial  flame  and  heat ; 

The  theory  of  furnaces  ; 

The  different  proceffes  performed  with  Eudiometers,  for 
ascertaining  the  degree  of  the  purity  of  air ; 

The  refpiration  of  animals  ; 

The  reduction  of  air  to  a  mephitis  by  the  effefls  of  com- 
buftion and  refpiration ; 

The  fupport,  diminution,  and  augmentation  of  animal 
heat; 

Tranfpiration  from  the  (kin  and  from  the  lungs,  &c. 
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I.  WATER  exifts  in  three  different  dates.  It  is  /olid  in  tec; 
kis  belt  known  as  nUquid;  it  is  expanded  by  rarefaction 
into  vapour  or  gas. 

IL  Ice  is  a  cryflallization  more  or  lefs  regular,  tranfpa- 
rent,  highly  fapid,  elaftic ;  fufible  at  a  temperature  above 
31°  Fahrenheit ;  and  which  when  eutering  into  feveral  new 
combinations,  ftill  gives  out  caloric,  notwithstanding  its  pre- 
vious apparent  deftitution  of  heat. 

III.  Ice  of  the  temperature  of  3  20  of  Fahrenheit's  thermo- 
nieter,  requires  to  its  fufion,  precifely  that  quantity  of  calo- 
ric which  would  be  fufficient  to  raife  an  equal  quantity  of 
*tter  to  the  temperature  of  1670  Fahrenheit.  Its  capacity 
for  containing  caloric,  is  therefore  not  precifely  the  fame  as 
that  of  liquid  water ;  a  difference  owing  to  the  peculiarity  of 
the  ftate  of  ice ;  as  has  been  explained  in  the  VI.  Section 
rfthc  II.  Chapter. 

IV.  Whenever  liquid  water  lofes  much  of  its  heat,  in  en- 
tering into  a  new  combination ;  it  may  be  confidered  as  be- 
€QQUBg  (olid.  In  fuch  combinations,  it  is  often  more  folid  than 
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ice  at  the  temperature  of  320  F.     Hence  the  folidity  of  mor- 
tar, and  other  cements  made  with  flaked  lime. 

V.  Water  remains  eternally  folid,  on  various  mountains 
which  have  been  for  ages  chilled  by  the  prefence  of  ice,  as 
well  as  under  the  poles.  It  there  forms  a  fort  of  rocks,  or 
hard  and  white  concretions,  not  unlike  to  ftones. 

VI.  Liquid  water  is  pure  and  taftelefs,  without  fmell,  an4 
850  times  as  heavy  as  an  equal  bulk  of  air.  It  forms  rivers, 
lakes,  ponds,  fprings,  brooks,  &c.  It  occupies  cavities,  fur- 
rows, and  in  general  all  the  lowed  parts  of  the  furface  of  the 
globe. 

VII.  It  is  rarely  pure.  At  the  furface,  and  in  the  inter 
xior  parts  of  the  earth,  it  diffolves  and  retains  air,  faline  gaffes, 
and  terrene  falts.  It  even  a&s  upon  the  mod  folid  ftones, 
wears  them  down  by  attrition,  depofites  the  particles  which 
it  carries  with  it,  and  forms  them  into  cryftallized  figures. 
It  has  been,  on  this  account,  named  the  great  folvent  of  na- 
ture. It  gives  rife  to  many  phenomena ;  and  is  one  of  the 
prime  agents  which  are  for  ever  modifying  anew  the  furface, 
of  the  globe.  Its  motions,  its  currents,  its  a&ion,  have  at 
length  changed  the  nature  of  minerals,  anfl  have  created,  as 
it  were,  a  fort  of  new  world,  upon  the  old. 

VIII.  All  waters  on  the  earth  contain,  therefore,  fome  ex- 
traneous fubftances.  The  prefence  of  thefe  may  be  recogni- 
zed by  the  extraordinary  fpecific  gravity  of  the  water  ;  by 
its  tafte  being  more  or  lefs  infipid,  earthy,  and  crude ;  by  its 
avetfion  to  boil,  and  its  inability  to  foften  pulfe,  or  to  frothe 
foap.  That  water  is  the  moft  pure,  which  is  the  fartheft 
from  poffeffing  thefe  qualities. 

IX.  Water,  running  over  a  bed  of  quartzofe  fand,  and  in 
contact  with  air,  is  fufficiently  pure  for  the  ordinary  purpofes 
of  life,  and  of  the  arts.  But,  water  which  paffes  through, 
chalk,  plafter,  or  marble,  or  which  ftagnates  over  peat-earth* 
bitumen,   mineral  ores,  or  in  fubterraneous  caverns,  at  a» 
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dUtance  from  the  a&ion  of  the  atmofphere  ;  is  always  more 
or  lefs  impure. 

X-  Cbemiftry  correfis  the  impurity,  crudenefs,  and  hard- 
nefs  of  waters,  by  expofing  them  to  the  air*  agitating  them  in 
cootacx  with  it,  by  boiling,  diftilling,  and  then  aeratixg  them. 
The  addition  of  aihes,  alkalis,  and  light  acids,  ferves  to  re- 
move in  part,  the  bad  qualities  of  water,  and  fometimes  even 
deftroys  thofe  qualities  altogether.  Meft  of  thofe  extraneous 
bodies  by  which  the  purity  of  water  is  altered,  being  either 
Much  more  volatile,  or  much  more  fixed  in  their  nature  than 
water;  diftillation  is  therefore  the  fureft  means  for  purifying 
water.  Chemifts,  for  this  reafon,  ufe  always  diftilled  water 
in  their  experiments. 

XI.  As  liquid  water  is  a  combination  of  ice  of  the  tem- 
perature 31°  F.  with  fuch  a  portion  of  caloric  as  would  be 
bflkient  to  raife  a  quantity  of  water  equal  to  the  quantity  of 
ice  employed,  to  the  temperature  of  1670  F.;  therefore  ca- 
loric added  to  liquid  water,  rarefies  it.     At  21 2°  F.  water 
takes  a  gazeous  fprm,  and  is  diffufed  in  vapour.     This  va- 
pour is  much  lighter,  and  in  proportion  to  its  aftual  weighty 
is  expanded  into  a  much  greater  bulk,  than  liquid  water, 
Iteafily  penetrates  through  all  other  bodies;  and  is  di  Solved 
m  air.    The  elaftic  efforts   which  it  makes  to  expand  itfelf, 
•believer  it  experiences  an  increafe  of  temperature,  fit  it  for 
Boring  the  largeft  bodies. 

XII.  As  liquid  water  abforbs  air,  and  thus  becomes  lighter; 
£>  air  alfo  abforbs  and  diffolves  water.  Hence  the  evapora- 
tion of  water.  This  folution  of  water  in  air  is  dry  and  in- 
dole, like  the  air ;  it  follows  the  ratio  of  the  temper  at  ur* 
<*  Ac  atmofphere.^  The  hygrometer  does  not  accurately  in-  ; 
*cate  the  prefence  of  water  in  this  ftate  ;  for  a  perfect  folu- 

a 

to*  of  water  in  air,  does  not  at  all  affect,  that  inftrument. 
*W  water  about  t6  be  diflblved  in  air,  and  dill  more  water? 
f^cipitatcd  from  this  folution,  never  fail  to  alter  the  indica* 
<**«f  the  hygrometer, 
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XIII.  Water  is  not,  as  it  was  long  fuppofed  to  be,  a  fimphs 
body.  Upon  the  rapid  combuftion  of  various  combuftiblc 
bodies,  more  or  lefs  intenfely  heated  ;  fuch  as  charcoal  and 
pitcoal  both  previoufly  'kindled/  iron  red-hot,  lincinfufion 
and  red-hot,  oils,  &c;  water  prefented  to  thefc  bodies  in  this 
flate,  undergoes  a  decompofition ;  and  a  quantity  of  oxigene 
derived  from  it,  is  fixed  in  the  cozfcbuftible  bodies. 

XIV.  While  the  oxigene  from  water  is  fixed  in  thofe  com- 
buftible  bodies  which  it  kindles  and  inflames ;  the  other  com* 
ponent  principle  of  the  writer,  being  fofceprible  of  folution  in 
caloric,  forms  inflammable  gas,  which  is  diftufed  in  an  uncom* 
bined  flate.  This  fecond  fubftance;  as  being  one  of  the  ele- 
mentary principles  of  water,  has  been  named  hydrogene  ; and 
its  elaftic  fluid  folution  in  caloric  and  light,  has  been  called  gas 
hydrogene.  That  difengagement  of  this  fubftance  into  gas, 
which  takes  place  whenever  water  h  decomposed  by  a  com- 
bnftible  body,  is  the  caufe  of  a  great  number  of  detonations 
and  fulminations. 

XV.  The  g&  hydrogene  obtained  in  very  many  chemical 
procefles,  comes  always  from  water  ;  either  radically,  and  by 
the  effeft  of  a  fortner  decompofition,  by  which  the  hydrogene 
has  been  abft  rafted  from  water,  and  fixed  in  feme  other  body 
which  now  refigns  it ;  or  by  the  immediate  and  inftahtaneous 
decompofition  of  water  itfelf. 

XVI.  It  has  been  afecrtained  by  many  experiments,  that 
water  contains  about  0,85  of  oxigene,  and  0,1  j  of  hydrogene. 
The  compofition  of  water  by  a  chemical  procefs ;  one  of 
the  nobleft  difcoveries  of  modern  chemiitry ;  confirms  the 
certainty  of  the  analyfis  of  water.  For,  0,85  parts  of  oxi- 
gene, added  to  0,15  of  hydrogene,  give  ,100  parts  of  pure 
water. 

XVII.  The  decompofition  of  water  by  -a  combuftible  body, 
is  always  cfFe&cd  by  the  double  affinities— of  the  oxigene  of 
the  water  for  the  conribuflible  body,  and  of  caloric  for  the  hy- 
drogene of  the  water.   On  this  account,  the  greater  the  quan- 
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titj  of  the  caloric  matter  employed  ;  fo  much  the  more  rapid 
is  always  the  decompofition  of  water  by  iron,  charcoal,  &c 
From  this  need  of  a  great  abundance  of  caloric,  in  this  procefs, 
an  idea  may  be  drawn,  of  the  manner  in  which  hydrogene, 
one  of  the  component  principles  of  water,  comes  to  acquire 
a  degree  of  levity  fo  much  greater  than  that  of  the  water  in 
which  it  before  exifted :  A  cubic  foot  of  water  weighing  70 
lib.,  while  a  cubic  foot  of  gas  hjdrogene,  weighs  only  61 
grains. 

XVIII.  Gas  hydrogene,  which  is  always  originally  deri- 
ved from  the  decomposition  of  water  ;  carries  with  it,  ufually 
a  confiderable  portion  of  the  body  with  which  it  was  laft  com- 
bined ;  and  this  either  in  fufpenfion  or  folution,  according  as 
that  body  was  of  a  nature  more  or  lefs  mixed.  It  is  common- 
ly mixed  with  gas  azote,  with  carbonic  acid  gas,  or  with  vital 
air  ;  or  it  holds  in  folution,  water,  carbone,  fulphur,  phof- 
paorus,  arfenic,  oils,  alcohol,  aether,  &c  According  as  its 
parity  is  contaminated  by  one  or  another  of  thefe  different 
fobftanceg ;  it  varies  in  odour,  gravity,  inflammability,  the 
odour  of  its  flame,  its  acHon  upon  different  fubftances,  and 
the  extraneous  produ&s  which,  befide  pure  water,  it  affords, 
when  burnt.  Hence  all  the  different  fpecies  and  names  of 
inflaipurayy  g*s,  the  generic  bale  of  which,  is  always  gas 

hydrogene. 

XIX.  Gas  hydrogene  being  one  of  thofe  natural  fubftances 
uhich  contain  the  mod  caloric ;  is  one  of  thofe  combuftible 
bodies  which  the  mod  eauly  fuffer  their  caloric  to  efcape  j 
and  which,  by  confequence,  afford  the  mod  heat,  when  burn- 
ing. iHence,  all  compound,  inflammable  matters ;  fuch  as 
ofljgrcafe,  and  in  general  all  thofe  which  are  obtained  from 
organized  bodies ;  having  hydrogene  for  one  of  the  moil  a- 
taodant  principles  in  their  compofition ;  yield  much  heat, 
daring  their  cotnJbuftion.  Of  this  chamSer,  are  alfo  timber, 
°to>  pit-coal,  bitumen,  alcohol,  aether,  &?c. 
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XX.  It  follows  alio  from  the  preceding  fa&s,  that 
pound,  combuftible  bodies,  containing  much  hydrogen*  it 
*beir  compofiuon ;  muft  require,  when  they  bum,  a  verj 
large  proportion  of  oxigene,  and  will  afford  water,  as  i 
product  of  their  combuftion,  in  juft  proportion'  to  the 
-quantity  of  hydrogene  which  they  contain.  Thus  a  pounc 
of  alcohol  gives  by  combuftion,  more  than  a  pound  of  water, 

XXI.  The  combuftible  bodies  that  decompose  water,  aft 
in  general,  thofe  which  have  a  flronger  attraction  for  oxigene 
than  hydrogene  has.  But  the  efficacy  of  this  attraction  fc 
greatly  aided  by  the  prefence  of  caloric,  which  for  its  part, 
tends  to  combine  with  hydrogene.  Great  abundance  of  <*■ 
loric,  may  even  render  water  decomposable  by  bodies,  which, 
if  cold,  would  be  unable  to  decompose  it.  Light  alio  cotntri 
twites  to  the  fame  effect. 

XXII.  Combuftible  bodies  which,  at  whatever  temperature 
do  not  decompofe  water,  on  account  of  the  faintnefs  of  theii 
attraction  for  oxigene;  which  is  in  this-cafe  always  weaker  thai 
the  attra&ion  between  oxigene  and  hydrogene  ; — will,  on  th< 
contrary,  after  being  burnt  by  other  means,  undergo  decoot 
pofitibn  by  fullering  hydrogene  to  abftraft  the  oxigene  whict 
they  -had  acquired,  when  burning.  ■  This  happens  to  the 
oxides  of  lead,  bifmuth,  6cc. 

XXIII.  Chemiftry  knows,  as  yet,  no  Other  means  of  de* 
compofing  water,  but  by  prefenting  to  it,  combuftible  fob- 
ftances  capable  of  detaching  and  abforbing  its  oxigene.  W< 
are  acquainted  with  no  bodies  that  weean  apply  in  art,  toab&rl 
the  hydrogene,  and  leave  the  oxigene  difengaged.  Nature 
however,  pofleffes  inftruments  by  which  ftie  can  accomplifl 
this  partitJuter  decompofition  of  water.  The  leaves  of  vegc 
tables,  when  the  xays  of  the  fun  fall  upon  them,  fecm  to  de- 
compofe  water,  to  abforb  its  hydrogene,  and  to  evolve  its  oxi 
«ene  "into  vital  air.     This  appears  to  be,  in  part,  the  mecha- 
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aifm  of  vegetation,  of  the  formation  of  oils,  and  of  the  renova- 
tion of  the  atmofphere.     See  Chap.  IX. 

XXIV.  While  hydrogene  and  oxigeae,  diflolvcd  each  into 
into  gas  by  the  efficiency  of  caloric  and  light ;  remain  both 
told?  they  cannot  combine,  although  brought  into  mutual 
tontad :  no  inflammation  is  produced  by  their  mutual  im- 
pulfe ;  there  is  no-water  formed*  .  fint  when  a  burning  body 
is  prefented  to  the  mixture,  when  it  is  powerfully  com- 
prefled,  or  if  it  receive  .any  fudden  and  violent  fhock  ?  the 
twogafTcs  then  begin  to  unite  ;  combuftion  enfuesj  and  wa- 
ter  ts  produced^ 

XXV.  It  (hould  feem,  that  a  like  -erent  happens  in  the  at- 
ayxpherc     Detonations  in  the  air,  or  daps  of  thunder,  are 
probably  nothing  eliie.  but  the  combuftion  of  hydrogenous  gas 
with  vital  air;  and  are  According!  j  followed,  for  the  meal  part, 
by  heavy  fhowers  of  rain.     Other  tempeftuous  rains  ap- 
pear alio  to  be  owing  to  the  fudden  formation  of  water  in  the 
tta»ofphere ;  in  confequence  of  the  rapid  combuftion  of  hy- 
drogenous gas  and  vital  air  ;  occafioned  by  the  ele&ric  fpark, 
tad  by  the  neceffity  for  reftoring  the  elcdric  equilibrium  be- 
tween one  cloud  and  another,  or  between  the  clouds  and  the 
ttfth. 

XXVI.  A  multitude  of  chemical  phenomena  in  nature  and 
art,  that  feemed  formerly  to  be  unaccountable  and  miraculous ; 
*rc  now  perceived  to  be  neccflary  coofequences  of  the  decom- 
position of  water.  The  influence  of  the  general  fads  enume- 
wted  in  this  chapter,  is  very  great,  upon  the  whole  theory 
efchemiftry.  They  will  recur  to  our  notice  in  all  the  fubfc- 
pe&t  chapters. 

Application  of  the  preceding  proportions . 
Artificial  refrigeration ; 

Theory  of  icy  mountains,  and  of  the  polar  ices; 
.  Varieties  of  the  waters  of  the  earth  and  atmofpheie  j 
Art  of  correcting  the  bad  qualities  of  water ; 
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Theory  of  the  ebullition  of  water ; 

Difference  between  boiled  and  aerated  water ; 

Diftillation  of  water  in  large  quantities  5— of  fait  water  ; 

Theory  of  mifls  and  dews  ; 

Theory  of  the  hygrometer  ;  and  of  the  phenomena  mea» 
fured  by  it ; 

Inflammation  of  combuftible  bodies  by  water ; 

Gaffes  difengaged  from  the  waters  of  marines  j. 

The  diverfity  of  inflammable  gaffes  j 

Colouring  by  inflammable  gaffes  ; 

The  oxidation  of  metals,  or  ruft  formed  by  moift  air  ; 

Theory  of  detonation ; 

Some  of  the  phenomena  of  the  folntion  of  metals ; 

Some  fundamental  principles  towards  a  theory  of  vegeta- 
tion, of  the  formation  of  oils,  &c» 
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CHAP.    V. 


The  Nature  and  ABion  ^Earths  and  Alkalis. 


I.  WHAT  was  formerly  meant  exclufively  by  the  name 

of  Earth  ;   and  was  fuppofed  to  be  an  elementary  fubftance, 

the  canfe  of  folidity,  drynefs,  iufipidity,  insolubility,  Sec;  is 

no  looger  to  be  regarded  in  any  other  light,  than  as  one  of 

thofe  vague,  indeterminate  ideas,  which  the  imagination  diffa- 

tisfied  with  the  fruitlefsnefs  of  experiments,  often  frames  to 

amufe  it,  indead  of  fa&s.     We  now  acknowledge  no  fuch 

thing  as  elementary  earth.     Inftead  of  one,  we  have  attained 

to  the  knowledge  of  five  terrene  fubflances  ;  each  of  which  has 

an  equal  right  to  be  termed  elementary \  fince  each  of  them  is 

found  to  enter  into  very  many  compounds. 

II.  Of  the  five  fimple  terrene  fubflances  which  have  been 
oucovered,  there  are  two  in  fome  fort  more  eminently  earthy 
than  the  reft,  more  dry,  more  fufceptible  of  hardnefs,  more 
imipidj&c.  The  other  three  peflefs  f aline  qualities  which 
give  them  a  fimilarity  of  nature,  to  alkaline  fubftances.  Thefe 
'aft  three  have  been  therefore  denominated  SuUno-terrene, 
Joitne  earths,  alkaline  earths,  terrene  alkalis.  The  two  firil 
vctjilices  and  alumines.  The  latter  three  art;  baryta,  mag* 
"M  and  lime. 
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III.  Each  of  thefe  five  earths,  is  diftinguifhed  by  fpeeifit 
characters,  befide  thofe  generic  qualities  which  belong  to  all 
the  five,  in  common.  Their  generic  characters  are,  drynefs,  un- 
alterability  by  fire,  the  property  of  not  being  liable  to  decom- 
pofition,  and  of  afting,  in  combinations,  as  Ample,  indeftruc- 
tible  fubftances. 

IV.  Silices,  has  been  named  alfo  Jiliceous  earth,  quartszofc 
earth,  verifiable  earth.  It  is  rough  to  the  feeling  of  the  hand : 
it  fcratches  and  wears  down  metals ;  it  is  infufible,  and  in- 
combuftible ;  infoluble  in  water  or  acids — at  leaft  the  greater 
number  of  acids ;  it  is  foluble  by  alkalis,  when  expofed  in  con- 
tad  with  them,  to  an  intenfe  heat,  and  in  confequence  of  this  fo- 
lution,  forms  with  them  a  glafs.  This  Ample  earth  is  found 
in  great  abundance,  in  fand,  quartz,  flint,  agate,  jafper,  grit, 
and  in  all  fcintillating  ftones,  which,  indeed,  have  it  for  their 
bafes.  It  has  not,  as  yet,  been  either  decompofed,  or  imita- 
4ated  by  fynthefis.  It  has  been  confidered  as  the  fimpleft  of 
all  earths,  the  element  of  earth,  the  principle  of  every  other 
fort  of  earth  :  but  thefe  opinions  have  not  hitherto  been  jufti- 
fied  by  obfervation  or  experiment.  It  is  applied  to  a  multi- 
plicity of  ufes,  for  mill-itones,  the  manufadure  of  glafs,  ce- 
ments, pottery,  &c. 

V.  Sllumtnes,  fo  named,  becaufe  it  forms  the  bafis  of  alum, 
is  called  alfo  Argill,  by  fome  writers.  It  is  foft  to  the  finger, 
adheres  to  the  tongue,  forms  a  pafte  with  water,  hardens  in  the 
fire.  It  combines  with  mod  acids,  dries  into  flakes,  and  af- 
fnmes  extraordinary  hardnefs   when  mixed  with  water  and 

JSfices  together.  It  is  contained  in  a  large  proportion,  in 
common  clays,  in  pipe-earth,  in  fchiftus,  fteatites,  &c.  In 
many  of  the  arts  it  is  employed,  as  a  fubflance  adapted  to  re- 
ceive and  retain  any  artificial  form,  which  may  be  baked  by 
the  fire,  and  which  is  fit  tp  refill  the  penetration  of  water.  Its 
intimate  nature  or  component  principles  are  unknown ;  it  baa 
been  erroneoufly  regarded,  asflicei  altered,  divided,  and  moul- 
dered down  by  the  aftion  of  air  and  water. 
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VI.  Bary  tes,  or  ponderous  earth f  is  a  fubftance  remarkable 
for  its  extraordinary  gravity  •  In  nature,  it  is  never  found 
alone,  but  always  in  combination  with  the  fulphuric  or  the 
carbonic  acid.  It  takes  a  green  or  bine  colour,  when  expofed 
to  the  a&ion  of  fire,  in  contact  with  the  Alices,  or  alumines  of 
the  crucible.  In  nine  hundred  parts  of  water,  it  diflblves  ; 
it  communicates  a  green  colour  to  the  fyrup  of  violets ;  it  has 
a  greater  affinity  than  even  the  alkalis  with  moft  of  the  acids  ; 
its  origin  is  unknown ;  but  it  is  fufpefted  to  be  a  metallic 
oxide  j  it  ferves,  at  all  times,  to  deteft  the  prefence,  and  af- 
certain  the  quantity  of  the  fulphuric  acid. 

VII.  Magnefia  is  a  fubftance  very  fine  and  white ;  not 
uibjeft  to  alteration  by  fire  ;  foft  and  light ;  it  refembles  the 
feodum  of  vegetables,    and  requires  nearly  two  thoufand 
parts  of  water  to  diflblve  it.     It  communicates  but  a  faint 
greennefs  to  the  tinSure  of  violets  and  mallows ;  with  acids, 
it  forms  falts  which  are  very  foluble,  and  in  which  the  mag~ 
nefia  is  combined  with  a  force  of  attraction  fo  much  lefs  than 
that  with  which  lime  adheres  to  acids,  that  they  are  all  liable 
to  be  decompofed  by  lime.     The  attraction  of  magnefia  for 
the  acids,  is  nearly  the  fame  as  that  of  ammoniac ;  according- 
ly ammoniac  and  magnefia  entering  together  into  combination 
with  acids,  thus  form  a  clafs  of  triple-falts,  or  falts  with  two 
W«.    This  earth  exifts  in  a  furficiently  perceptible  propor- 
tion, in  terpentines,  mica,  date,  amianthus.     Like  the  pre- 
ceding earths,  it  is  indecompofable,  and  of  unknown  com- 
pofitioa. 

VI II.  Lime,  the  moft  alkaline  of  all  the  earths,  is  the  only 
Me  that  has  an  acrid  tafte,  hot,  almoft  cauftic,  difagreeable, 
*»i  urinous.  It  gives  a  dark-green  tinge  to  fyTup  of  violets, 
aod  when  flaked  in  the  open  air,  attracts  moifture  from  the 
wnWphere.  Under  the  a&ion  of  water,  it  becomes  czeced- 
ttZb'  hot,  and  abforbing  the  water,  becomes  folid,  in  combi- 
^Joq  with  it.     When  flaked  ijarely  by  expofure  to  the  at- 
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mofphere,  it  gives  out  caloric,  largely  :  it  is  foluble  in  fed 
than  feven  hundred  times  its  own  weight  of  water*  DifioW 
Ted,  it  attracts  carbonic  acid  from  the  atmofphcre;  and  oa 
the  furface  of  the  folution,  forms  a  pellicle  of  chalk  which  has 
been  improperly  termed  Cream  of JJme.  Alone,  it  is  unal- 
terable by  fire  ;  but  with  Alices  and  aluminas,  is  reducible  to. 
fufion.  It  is  plainly  a  compound  ;  but  its  component  prin- 
ciples are  unknown* 

IX.  That  earths  are  occafionally  converted  into  one  another, 
is  merely  a  vain  dream  of  naturalifts.  We  have  no  proofs, 
that  Alices  is  by  long  expofure  to  the  air,  changed  into  alu- 
mines  ;  that  flints  are  transformed  into  chalk ;  that  chalk  is 
converted  into  magnefia;  as  has  been  too  haflily  inferred  from 
fome  flight  and  cafual  appearances. 

X.  The  three  alkaline  earths  have  more  the  appearance  of 
being  compound,  than  magnefia  or  lime*  We  have  reafon  to 
believe*  that  azote  is  one  of  their  component  principles  ;  and 
that  they  owe  to  it  their  alkaline  properties*  Yet  this  opi- 
nion has  not  hitherto,  been  fufficiently  confirmed  by  experi- 
ments. The  formation  of  the  alkalis,  is,  indeed,  with  great 
probability,  afcribed  to  marine  animals  ;  and  the  fad  that 
thefe  contain  much  azote,  feems  to  fuggeft,  that  azote  is  the 
grand  alkaligenous  principle  in  Nature* 

XL  It  has  been  fuppofed,  that  the  five  earths  are  of  a  me* 
tallic  nature  j  and  it  has  been  pretended,  that  by  violent  igni- 
tion with  charcoal,  their  redu&ion  into  the  metallic  (late,  has 
been  effefted*  But  thofe  very  few,  and  very  fmall  metallic 
globules  which  have  been  in  fuch  inilances  obtained,  came 
evidently  from  the  charcoal,  and  from  the  earth  of  the  cu- 
pels :  and  thofe  having  been  difcovered  to  be  phofphure  of 
iron,  whatever  the  earth  in  the  treatment  of  which  they  were 
procured ;  it  is  hence  evinced,  that  the  earths  afford  no  me- 
tallic matters*  Some  philofophers  indeed  continue  to  regard 
the  earths,  as  a  fpecies  of  burnt  bodies,  in  which  oxigene  is 
extraordinarily  adhefive  ;  and  which,  on  account  of  this  ad- 
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befion,  cannot  be  decompofecL    But,  this  opinion  is,  as  yet* 
unconfirmed  by  obfervation  or  experiment. 

XII.  Earths  combine  with  one  another;  two  and  two, 
three  and  three,  and  even  in  compofitions  more  complex ;  by 
procefics  unknown  to  us,  but  which  Nature  continually  ac- 
complifhes  in  the  great  way ;  by  them,  producing  ftones  va- 
rious in  hardnefs,  ftru&ure,  tranfpareacy,  opacity,  coloui, 
form,  &x.  Art  cannot  imitate  thefe  compounds,  for  want 
of  time,  of  fuJEcient  manes  of  the  materials,  and  of  an  ade- 
quate extent  of  fpace.  Tet  it  produces  fometbing  fimilar  to 
the  natural  compounds  of  the  earths,  by  preferving  long  in 
mutual  contact,  mixtures  of  the  earths,  which  have  been  well 
wrought  together,  and  at  the  firft,  moiftened  with  a  little  wa- 
ter. 

XIII.  The  three  alkaline  earths  hold  an  intermediate  place 
between  the  earths  and  the  alkalis  ;  and  are  allied  alike  to 
both.  The  alkalis  are  known  by  their  acrid,  burning,  urin- 
ous tafte,  their  caufticity,  their  peculiar  a&ion  on  the  fkin 
and  all  other  animal  matters,  their  converting  the  blue  colour 
of  violets  to  a  green  or  even  a  greeniih  yellow,  and  their  de- 
fcquefcency.  The  known  fpecies  of  alkali,  are  three,  potafh, 
ibda,  and  ammoniac.  Of  thefe,  the  two  former  are  named 
fixed  alkalis;  becaufe  they  melt  and  become  red  in  the  fire, 
before  being  volatilized  :  the  third,  as  being  in  this  refpect, 
of  an  oppofite  nature,  is  termed  volatile  alkali. 

XIV.  Potaih  is  known  by  the  following  charaderiltics.  It 
is  dry,  folid,  white,  cryftallizcd  in  rhomboidal  plates,  fuGble  at 
the  temperature  of  235  °,  extremely  deliquefccnt;  itabforbs  wa- 
ter with  the  evolution  of  heat,  and  a  peculiar,  faint  odour;  by 
fufion,  it  combines  very  well,  and  forms  a  tranfparent  com* 
pound  with  filices.  In  nature,  it  is  often  found  with  lime, 
and  in  combination  with  different  acids.  It  is  obtained  more 
especially  from  vegetables ;  in  the  allies  of  which  it  remains, 
after  their  combuftion.  It  Las  been  thought  to  have  fuch  a 
rtfemblance  to  lime,  that  it  might  pcifibly  be  formed  by  the, 

combination* 
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combination  of  that  fubftauce  with  azote.    But  this  opinio* 
is  unconfirmed  by  experiment. 

XV.  Soda  is  obtained  by  the  incineration  of  marine  plants, 
and  forms  alfo  the  bafts  of  common  fea-fclt.  It  has  a'  re- 
markable refemblance  to  potaih  in  its  form,  caufticity,  fufihi* 
Key,  deli'juefcency,  its  fofion  with  filices,  its  action  upon  ani- 
mal matters,  &c.  It  long  was,  and  ftill  might  be  confounded 
with  potaih.  But  the  neutral  Halts  which  potaih  forms  in 
combination  with  acids,  are  entirely  different  from  tbofo  which 
fbda  forms  with  the  fame  acids.  Soda  has  been  fuppofed  to 
be  a  compound  of  magnefia  with  azote ;  becaufe  (kits  with  a 
bafe  of  magnefia,  are  as  often  found  together  with  falts  which 
hare  foda  for  their  bafe,  as  calcareous  falts,  with  fuch  as  have 
for  their  bafe,  potaih.  But  neither  the  one  idea  nor  the  other, 
is  well  fouuded. 

XVI.  Ammoniac  or  volatile  alkali,  differs  greatly  from  the 
two  preceding  fpecies.  Its  form  is  gazeous  and  peculiar, 
when  it  is  diffolved  in  caloric ;  diffolved  in  water,  it  has  a 
liquid  form  equally  peculiar ;  its  odour  is  lively  and  fuffbea- 
ting  ;  it  is  foluble  in  the  air ;  it  is  known  to  be  eafily  decom- 
pofable  by  the  ele&ric  fpark,  by  metallic  oxides,  and  by  the 
nitric,  or  the  oxigenated  muriatic  acid.  This  decompofition 
has  ftiewn  ammoniac  to  be  a  compound  of  hydrogene  with 
azote ;  and  in  confequence  of  this  circumftance,  it  often  ex- 
hibits the  phenomena  of  a  combuftible  fubilance.  This  alfo 
explains  the  reafon  why  animal  matters  under  putrefadion, 
give  out  ammoniac. 

XVII.  Should  azote  hereafter  be  afcertained  to  be  the  prin- 
ciple to  which  alkalis  owe  their  formation ;  the  atmofphere 
Will  then  appear  to  be  a  compound  of  oxigene  and  alkaligcne 
each  diffolved,  feparately,  in  caloric.  It  will  appear  to  be  a 
vaft  refer  voir,  out  of  which  the  philofopher  may  behold  na- 
ture drawing  the  materials  of  the  two  claffes  of  compound 
agents  which  are  the  moil  adive,  and  the  moil  ufeful,  in  very 
many  of  her  operations. 
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Application  of  the  Propqfitions  in  this  Chapter. 
The  extraction,  the  preparation,  and  the  purification  of 

earths. 
The  theory  of  the  arts  of  making  earthen-ware,  bricks, 

tiles,  pottery,  porcelain  ; 
The  theory  of  cements  and  mortars  ; 
The  reciprocal  combinations  of  earths  by  fire ; 
The  natural  hiftory  of  earths  and  ftones  ; 
The  compound  nature  of  earths  and  ftones  ; 
The  natural  alterations  of  ftones ; 
The  changes  of  colours  by  the -alkalis ; 
Vitrification,  and  the  procefles  of  the  glafs-maker  ; 
The  extraction  and  purification  of  potafh  and  foda ; 
The  theory  of  alkaline  canities  ; 
Some  particulars  relative  to  putrefaction* 
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T%e  Nature  of  Combustible  Bodies. 


I.  COMBUSTIBLE  bodies  are  too  numerous,  various, 
and  important  in  the  phenomena  which  thej  prefent,  and  the 
combinations  with  one  another  and  with  air,  into  which  they 
continually  enter  ;  not  to  deferve  to  be  examined  with  the 
utmofl  care,  in  order  to  the  difcovery  of  their  different  pro- 
perties and  fpecific  characters. 

II.  Comprehending  under  this  denomination,  all  fubftances 
•that  are  capable  of  entering,  more  or  lefs  rapidly  into  union 
with  oxigene,  and  of  difengaging  from  vital  air,  its  light  and 
caloric :  We  muft  next  diltinguifh  thofe  fubftances  into  two 
clafles  ;  fimple  or  undecompounded,  combuftible  bodies  ;  and 
thofe  combuftible  matters  which  are,  in  their  mature,  more 
or  lefs  compound. 

III.  We  call  thofe  combuftible  fubftances,  fimple,  which 
chemiftry  has  not  hitherto  been  able  either  to  decompofe,  or 
to  form  fynthetically.  Their  intimate  nature  is  unknown. 
They  are  found  fometimes  folitary,  in  the  mineral  kingdom, 
or  in  the  two  other  kingdoms  of  nature ;  but  almoft  always 
combined  two  and  two  together.  Of  this  character  are  dia- 
mond! hydrogene,  fuljphur,  phefphorus,  carbone,  and  all  me- 
tals. 
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tals.    Each  of  thefe  fix  genera,  is  worthy  of  being  examined 
by  itfelf. 

IV.  Diamond  is  the  hardeft  of  all  bodies.  It  is  very  re- 
markable for  the  force  with  winch  it  refracts  and  decompofes 
light ;  and  from  which  Newton  inferred,  that  it  was  highly 
combuftible.  In  nature,  it  exifts  cryftallized  in  o&bhsedra^ 
duodecahaedra,  &c.  It  has  fome  -varieties  of  contexture,  den- 
fity,  and  colour.  It  burns  with  a  perceptible  flame  ;  and 
while  it  burns,  is  reduced  to  vapour.  Its  combination  with 
oxigene  is  ftill  unknown.  Few  bodies  ad  upon  it ;  were  it 
not  for  its  combuftibility,  it  might  be  fuppofed  abfolutely 
unalterable.  We  know  of  no  compound  bodies  into  which 
it  enters,  as  a  component  principle :  of  all  the  bodies  in  na- 
ture, it  feems  to  be  the  lead  fubjeft  to  chemical  attrac- 
tion. 

V.  Hydrogene  is  one  of  the  component  principles  of  watery 
and  in  combination  with  caloric  and  light,  forms  gas  hydro- 
gene.    The  weight  of  this  gas  is  to  that  of  atmofpheric  air,  as 
tme  tojixtcen.   It  is  infoluble  in  moll  other  fubftances ;  but,  on 
the  contrary,  duTolves  fulphur,  phofphorus,  carbone,  arfenic, 
oils,  Sec.;  and  by  thefe  folutions  forms  various  forts  of  inflam- 
mable gas ;  which  are  at  prefent  named  J ulpbur ate df  pbofpbo- 
rated,  carbonated,  a  rfeniated,  oleaginous,  \3c.  hydrogenous  gas. 
It  decompofes  feveral  metallic  oxides,  and  fome  acids,  of  which 
the  radical  principles  are  fimple  and  well-known.     To  all  its 
compounds,  whether  combuftible  or  incombuflible,  it  com- 
municates a  considerable  refringent  power.     Becaufe  water 
pofleffed  this  power  of  refraction,  Newton  (kilfully  conjectu- 
red, that  it  muft  contain  fome  fuch  combuftible  fub (lance,  as 
this  which  has  been  at  laft  difcovered  in  its  compofition.  Hy- 
drogene is  alfo  fixed  in  organic  bodies,  and  forms  a  principle 
of  thofe  mixed,  combuftible  matters  which  they  contain.    See 
Chapters  IV.  and  X. 

VI.  Sulphur  is  a  ycllowifli  fubftance,  odorate,  eleftric,  tran- 
sparent, and  o&ohsdral,  opaque,  and  prifmatic,  fufibfe,  and 
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fubjed  to  two  different  forts  of  combuftion.  Of  thele  com* 
bullions,  one  is  flow,  with  a  bluifh  flame,  and  yields  fulphiu 
feous  acid ;  the  other  is  rapid,  with  a  white  flame,  and  pro- 
daces  fulphuric  acid.  Sulphur  enters  into  combination  with 
earths  and  alkalis;  and  by  thefe  combinations  is  rendered 
rotable.  It  unites  with  metals,  and  forms  with  them  fulphu* 
reous  ores,  which  exift  in  great  abundance,  in  the  earth, 
and  either  in  a  folitary.  ftate,  or  in  combination  with  pure 
metals. 

VII.  Pbofpborus  is  a  white  fubftance,  tranfparent,  cryftal- 
lized,  lamellated,  and  very  fufible.     It  is  fubjeft  to  two  di£- 

i 

ferent  forts  of  combuftion ;  burning,  either  flowly,  at  any 
known  temperature,  with  a  whitifh  flame,  an  acrid  odour, 
and  the  formation  of  phofphorous  gas  %  or  at  the  tempera- 
ture of  167°,  rapidly,  with  a  vivid  and  very  brilliant  flame, 
without  any  fenfible  fmell,  and  with  the  formation  of  phof- 
pboric  acid.     On  account  of  its  extreme  combuftibility,  it  ia 

• 

never  found  pure,,  in  nature.  It  enters  with  fufficient  readi- 
nefs,  into  combination  with  fulphur,  and  metals.  It  diflblves 
in  gas  hydrogene ;  detaches  the  oxigene  from  various  me- 
tallic oxides ;  feparates  the  metals  from  the  acids,  in  the  per- 
fection of  their  metallic  form  and  luftre.  Itexifts  in  minerals* 
even  more  abundantly  than  in  animals,  to  which  it  was  for- 
merly fuppofed  to  be  peculiar. 

VIII.  Carbone,  the  combuftible  matter  of  coals,  when  pure 
from  earth,  alkali,  falts,  Sec.  may  be  burnt,  if  fubjeded  to 
$n  intenfe  heat.  With  oxigene,  it  forms  carbonic  acid.  Of 
all  known  fubftances,  it  has  the  ftrongeft  attractions  for  oxi- 
gene'; which  it  detaches  from  all  other  burnt  bodies.  It 
exifts  in  a  large '  proportion,  in  b°th  animal  and  vegetable 
matters  of  all  forts.  Of  vegetables,  it  is  almoft  the  only  fo- 
lid  bafe ;  and  on  this  account,  ftiU  remains  in  their  form, 
after  they  have  been  decomposed,  either  fpontaneou^y,  or  by 
the  aftion  of  caloric.  It  diflblves  in  the  alkalis,  and  in  gas 
hydrogene.    It  unites  with  metals;  forming,  particularly, 
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with  iron,  carbure  of  iron ;  which  is  found  in  all  the  king. 
io&m  of  nature,  and  has  been  improperly  termed  Lead-ore* 
Phmhago,  and  Black4ead. 

IX.  The  metals  are  well  known  by  their  pondcrofity  and 
brilliancy.  They  are  fufible,  cryftallizable,  combuftible. 
They  decompofe  water  and  various  acids,  combine  with  fuU 
phur,  phofphorus,  carbone,  and  with  one  another,  at  differ* 
eat  temperatures.  In  the  ftate  of  oxides,  they  aft  in  refpeel 
to  the  earths  and  alkalis,  the  part  of  acids ;  and  again  ferve 
to  the  acids,  as  lb  many  falifiaMe  bales.  This  genus  differs 
from  the  preceding  genera,  in  poffefling  many  fpecies*  la 
order  to  give  a  fliort  account  of  thefe  fpecies,  of  which  there 
are  now  feventeen,  well  known, — a  number  which  will  proba- 
bly be  much  enlarged  by  future  inveftigation ;  I  (hall  divide 
this  Genms  into  five  SeQions.  In  the  firft  fe&ion  I  {halt 
comprehend  metals  brittle  and  acidifiable ;  which  are  three 
fpecies  ;  arfenic,  tungflen,  and  molybdena.  To  the  fecond 
feftidd,  I  refer  metals  that  are  brittle,  and  oxidable  on- 
ly ;  being  five  fpecies ;  cobalt,  bifmuth,  nickel,  manganefe*, 
and  antimony.  The  third  fe&ion  will  include  two  fpecies  of 
netals  which  are  femi-du&ile  and  oxidable ;  zinc  and  mer- 
cury. To  the  fourth  fe&ion  belong  metals  which  are  highly 
ductile,  and  eafily  oxidable ;  fuch  as  tin,  lead,  iron,  ahd  copper, 
laftly,  To  the  fifth  fedion  remain  thofe  metals  which  are  high- 
ly du&ile,  but  not  eafily  oxidable  $  and  thefe  are  the  three? 
fpecies  of  filver,  gold,  and  platina.  As  the  ninth  chapter  is 
entirely  appropriated  to  the  purpofe  of  explaining  the  moft 
important  chemical  properties  of  metals,  it  will  be  fufficient 
bere  to  mention  briefly,  fome  of  the  fpecific  differences  by 
which  thefe  bodies  are  diftinguifhed  from  ofte  another.  It 
■ay  be  proper  to  obferve,  that  the  names  of  fetrti-meta/j,  mu 
frfeS  metals,  perfeB  metals,  having  been,  evidently,  derived 
from  the  errors  of  alchemy,  ought  to  be  banifhed  from  the 
^puge  of  a  feience  that  has  now  attained  to  confidcraMc 
■tttrscy, 
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A.  Arfenic  appears  in  plates  of  a  bluifli  grey  colour,  bril- 
liant, brittle,  and  which  burn  with  a  blue  flame,  and  with  the 
exhalation  of  a  fmell  of  garlic. 

B.  Tungjlen  is  of  a  greyifli  white  colour,  granulated,  fri- 
able, almoft  infufible,  almoft  infoluble  in  acids,  but  very  eafily 
oxidable  and  acidifiable  by  air  and  caloric. 

C  Molybdena  prefents  itfelf  in  a  powder,  or  in  blackifli 
grains  which  are  brilliant,  agglutinated,  brittle,  fcarcely  fu- 
fible,  and  which  burn  into  a  white  oxide,  that  is  volatile, 
prifmatic,  and  acidifiable* 

D.  Cobalt  is  granulated,  fine,  of  a  rofe-white  colour,  brittle 
and  pulverizable,  not  eafily  fufible,  and  becomes  blue,  when 
it  is  melted  with  glafs. 

E.  Bifmutb  appears  in  large  plates  of  a  yellowiih  white 
colour,  brittle,  very  fufible,  very  cryftallizable,  very  oxid- 
able* 

F.  Nichl  is  grey,  granulated,  hard,  not  brittle,  fcarcely 
fufible,  and  yields  a  green  oxide,  under  the  a&ion  of  calorie 
and  air* 

G.  Manganefe  is  of  a  greyHh  white  colour,  fine-grained, 
brittle;  not  fufible  without  great  difficulty ;  the  only  metal 
combuftible  ia  the  open  ajr,  and  which  inftantly  changes  its 
colour,  and  is,  within  a  few  days  reduced  to  a  black  powder* 
To  preferve  manganefe  from  this  fpontaneous  combuftion,  it 
x&uft  be  kept  in  alcohol,  or  oil* 

H.  Antimony  \s  white,  pure,  with  large  plates,  brittle,  dif- 
ficult to  melt  -9  yields  by  combuftion  in  the  open  air,  a  white 
oxide,  which  is  fublimated  and  cryftallized  y  and  which  com- 
bines with  the^  alkalis  in  the  fame  manner  as  an  acid. 

I.  Zinc  is  of  a  bluifli  white  dolour,  in  large  plates, .  femi- 
brittle,  not  .without  fome  degree  of  malleability,  eafily  fufible, 
tlje  moft  inflammable  of. all  metals;  when  red-hot,  it  burnt, 
with  a  beautiful,  yellowiih,  white  flame;  it  decomposes  water 
with  great  energy. 
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K.  Mercury  is  fufible  at  the  temperature  of  3  5  4-°  below 
too  in  Fahrenheit's  thermometer  ;  and  at  380  under  zero, 
congeals.  It  may  be  reduced  to  a  black  oxide  (atbiopi  per 
£)  by  mere  divifion ;  and  this  fimple  procefs  extinguifhes 
and  fixes  it  in  all  thofe  thick  or  vifcid  matters  with  which  it' 
is  ufually  triturated; 

L.  Tin  is  a  glittering  white  fubftance,  foft,  light,  fcarcely 
fooorous,  fufceptible  of  being  fcratched  by  the  nail,  very  fu- 
fible, very  combuftible ;    which  yields  a  white  oxide  that1 
impairs  the  tranfparency  of  glafs,  and  converts  it  into  ena- 
mel. 

M.  Lead  is  bluifh,  dufky,  fort,  heavy,  eafily  fufible.  It 
jields  an  oxide,  more  verifiable  than  die  oxide  of  any  other' 
metal,  and  a  glafs  of  a  topaz-yellow  colour. 

N.  Irom  is  white,  fibrous,  the  moft  tenacious  of  all  metals, 
rery  averfe  from  fufion,  very  combuftible,  die  only  metal ' 
attra&able  by  the  magnet.     It  afts  with  great  efficacy  in  de- 
compofing  water ;  is  reduced  to  a  powder,  by  expofure  to  the ' 
open  air;  combines  with  charcoal,  which  converts  it  into  ft  eel  f 
and  is  die  only  metal  that  abounds  in  the  two  organic  kingi  - 
doms  of  nature. 
0.  Copper  is  of  a  beautiful,  gliftering  red  colour.     It  i$  * 

Terr  foft,  very  duftile,  odorate,  poifonous.     It  burns  with  a  ' 

green  flame:  its  oxides  are  brown,  blue,  and  green.  The  green 

oxide  requires  humid  air  to  its  formation. 
P.  Silver  is  white,  pure,  and  brilliant,  without  fmell  and 

without  tafte,  highly  duftile,  not  oxidable  by  caloric  and  air.' 

It  barns  with  a  greenifh  flame,  when  afted  upon  by  the  eleftric 

fpark.    The  vapours  of  fulphur,  blacken' it.     By  the  aftion 

of  air  alone,  it  is  unalterable. 
Q^  GoU  is  of  a  beautiful,  glittering  yellow  colour,  highly* 

duftile,  lefs  combuftible  and  oxidable  than  filver,  lefs  alterable  ' 

dan  filter  by  the  contaft  of  air.     The  eleftric'  fpafk  reduces 

it  to  an  otide  of  a  beautiful  purple  colour. 
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R.  Platina  is  the  heaviefl  of  all  metals,  of  a  greyiih  white 
colour,  with  little  brilliancy ;  the  moil  infufibk,  the  leaft 
combuflible,*  the  leaft  alterable  of  all  metals.  It  may  here* 
after  become  one  of  the.  moil  valuable  inftrament*  of  the> 


X.  Compound  combuflible  bodies  are  fuch  as  refult  from 
the  mutual  combioatioa  of  two  or  more  of  the  foregoing  fimple 
combuflible  fubftances.  The  folutions  of  fulphur,  carbone, 
phosphorus,  arfenic,in  gas  hydrogene;  are  inflammable  com-, 
pounds.  The  combinations  of  fulphur  with  phofphorus  ;  of - 
carbone  with  iron;  of  metals  with  fulphur,  with  phofphorus, 
or  with  one  another  ;  are  fo  many  compound  combuflible  bo* 
dies.  Thefe  are  the  combuflible  matters,  the  moil  common 
in  nature*  Art  feparating.  them  from  one  another,  obtains 
them  pure  and  folitary. 

XI,  A  companion  of  the  properties  of  compound  combu- 
flible bodies  with  thofe  of  the  fimple,' fhews  that  the  former 
(onetimes'  abforb  ozigene  more  eagerly,  than  their  component 
principles  would  do  if  feparate ;  as  in  the  inftances  of  many 
alloys  and  metallic  fulphures  :  but  that,  on  the  other  hand, 
fome  compound  combuflible  matters  are  rendered  more  averfe 
from  burning  than  their  principles  difunited  would  be,  by 
means  of  that  flrong  energy  of  attraction  which  thefe  prin- 
ciples exe;t  one  upon  another  ;  as  is  the  cafe  with  all  phof- 
phorated  metals  in  general.  Some  of  thefe  combuflible  com- 
pounds remain  long  unalterable  in  the  air  ;  feem  to  have  in 
fome  manner  loft  their  combuilibility,  by  their  mutual  com- 
bination j  ,and  are  at  lafl  kindled,  ouly  by  the  application  of 
a  flrong  heat  to  them  :  Of  this  character  is  carbure  of  iron, 
which  has  been  ufefully  employed  to  preferve  iron  from  ruft- 
ing. 

XII.  Hydrogene  and  carbone  are  united  in  the  moft  inti- 
mate manner  in  the  capillary  tubes   of  vegetables.      They 
oftep  contain  in  their  combination,  fmall  portions  of  earth,  al- 
-     £  talis. 
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kans,  and  acids,  but  efpecially  of  oxigcnc.  They  form  bitu- 
nens,  oik9  aod  reins ;  which,  although  tending  to  combmftion, 
sad  a  fepsxation  of  their  principles  ;  jet  remain  for  feme  time 
ia  die  equilibrium  of  combination ;  until  a  fodden  rife  of  tem- 
perature, and  the  contact  of  air  or  water,  deftroy  the  equi- 
librium, divide  the  elements  of  the  compound,  and  bring  them 
feparately  into  union  with  ozigene.  The  produfts  of  die  com- 
baftkxi  of  those  compounds,  are  always,  water  and  carbonic 
acid.  The  fame  thing  takes  place  in  the  cafe  of  alcohol  and 
ether,  which  are  formed  by  modifications  of  the  principles  of 
ftgetables,  and  which,  in  an  ultimate  analyfis,  are  found  to  be 
aierely  combinations  of  hydrogene  and  carbone,  with  more 
or  led  of  ozigene  and  water.  Set  Chapters  X*  XI.  and 
XII. 

XIII.  This  Hunt  view  of  the  different  fpecie*  of  combuftible 
fahftances,  and  of  their  principal  charafteriftic  properties, 
Jhews  what  an  important  part  thefe  bodies  aft  in  the  pheno- 
mena of  nature.     It  authorifes  us  to  divide  almoft  all  natural 
produfts  into  two  great  claffes  ;  combuflible  bodies,  and  burnt 
bodies.     In  the  magnitude  and  the  aftion  of  the  former  clafe, 
we  See  the  caufe  of  inflammable  meteors,  partial  heats,  volca- 
noes, perpetual  changes  of  the  furface  of  the  earth,  Sec.     In 
the  exigence  of  the  fecond  clafs,  we  perceive  the  fource  of  the 
Varieties  and  number  of  the  acids,  of  the  compound  falts,  of 
oxides  and  metallic  falts,  which  diverfify  in  a  thoufand  ways 
theafpe&of  ores  in  the  earth  ;  the  reciprocal  decompofition* 
of  thefe  fnbftances ;  and  the  alterations  they  undergo  from  wa- 
ter, air,  and  light.  Vegetables  appear  to  be  fo  many  machines 
organized  by  nature,  in  order  to  accompliih  the  intimate  mu- 
tual combination  of  many  of  thefe  combuftible  fubftances ; 
and  thus  to  produce  compounds,  the  unpermanency  of  which, 
Bates  them  peculiarly  Serviceable  to  the  grand  defigns  of 
utve. 
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application  of  the  foregoing  proportions '. 
The  hiftory  of  the  oombuftion  of  every  different  combti* 

ftible  bodj>  in  particular  detail. 
The  hiftory  of  fulphurated  foils,  and  of  native  fulphuric* 

acid. 
The  phenomena  of  natural  inflammable  gaffes  in  quarries, 
*    mines,  the  atmofphere,  Sec.     , 

The  properties  of  terrene,  alkaline,  and  metallic  fulphures* 
The  con verfion  of  fulphures  into  fulphates  and  fulphites, 

by  the  adion  of  air  and  water. 
The  properties,  extraction,  and  combinations  of  phofpho-' 

rus ;  metallic  phofphures. . 
The  exiftence  of  metallic  carbures  in  nature. 
The  phaenomena  which  refpect  the  denfity,  the  gravity, 

the  do&ility,  and  the  fufibility  of  metals. 
The  properties  and  ufes  of  alloys. 
.    The  formation  of  fecondary  ores  ;  by  tranfition  from  na- 

tive  metallic  falts. 
•    Volcanoes;  fulphureous  and  bath  waters. 

Bitumens ;  the  comparifon  of  fulphur,  charcoal,  and  other 

fimple  combuftible  bodies,  with  oils,  &c. 
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I.  ALL  acids  referable  one  another  in  tafte ;  in  their  man- 
ner of  giving  a  red  colour  to  vegetable-  fubftance*  ;  in  their 
common  tendency  to  combine  with  earths,  alkalis,  and  metal- 
lic oxides ;  and  in  the  property  of  attracting  and  being  highly 
tttra&ahle.  It  was  therefore  natural  to  conclude,  as  did  Sir  I* 
Newton,  that  they  refembled  one  another  alfo  in  their  in* 
timate  efience,  and  poflefled  fome  homogeneous  principle  com- 
mon to  them  all.  This  truth,  chemical  analyfis,  with  the  affift- 
»ace  of  the  new  inventions  in  chemiftry,  has  afcertained  be- 
yond a  doubt. 

IL  Since  every  acid  contains  oxigene,  and  lofes  its  acidity, 
m  proportion  as  it  is  deprived  of  this  principle  :  Acids  are 
therefore  to  be  regarded  as  burnt  or  oxigenated  bodies,  which 
refemble  one  another  by  containing,  all,  more  or  led  of  the 
fcue  acidifying  element. 

111.  The  nature  of  acids,  may  be  examined  in  two  ways  ; 
cither  by  producing  them  from  their  elements  by  combuftion, 
baiting  oxigene  with  fubftances  liable  to  be  acidified  by  it ; 
01  ty  decompofing,  and  vnbuming  acidified  bodies,  fo  as  to  de- 
lad 


44  3"<$*  formation  and  Decompq/Uion  of  Adds. 

tach  the  oxigene,  by  means  of  other  fubftances  having  a  ftrong- 
er  affinity  with  it. 

I V.  IGonfidered  in  this  laft  point  of  view*,  all  known  acids 
may  be  arranged  in  three  clafles;  i.  Acids  which  we  can  both 
compofe  and  decompofe,  and  with  the  nature  of  which  we  are 
fully  acquainted :  2.  Acids  which  we  can  compofe,  but  not 
decompofe,  and  with  the  nature  of  which  we  are,  by  confe- 
rence, more  imperfe&ly  acquainted :  3.  Acids  which  have 
not  been,  as  yet,  either  compofed  or  decompofed,  and  of 
which  the  nature  is,  by  confequence,  wholly  unknown  to 
us. 

V.  Of  nearly  thirty  fpecies  of  known  acids,  there  are,  ftrift- 
ly  fpeaking,  only  three,  of  the  intimate  nature  of  which  we 
are  entirely  ignorant,  as  having  been  hitherto  unable  either  to 
compofe  or  decompofe  them.  We  may,  therefore,  regard  the 
character  of  acids  in  general,  as  being  well  afcertained ;  and 
may  proceed  to  confider  them  in  their  .general  properties,  and 
with  refpeft  to  their  compofition.- 

1 VL*  All  acids  are,  then,  compounds  of  [qxigene  with  fomt 
•tb$r  fodyi  T\kt  former  principle,  common  to  them  all,  being 
the  cmufe 'of 'their  general  refemblance,  and  of  thofe  qualities 
in  which  they  all  agree ;  while  the  latter,  which  is  different 
in  every  different  acid,  prefents  itfelf  as  the  fource  of  thofe 
fpecific  qualities  which  are  peculiar  in  each.  The  peculiar 
materials  combined  with  oxigene  in  the  various  acids,  are,  on 
this  account,  called  the  radical  or  acidifiable  principles. 

VII.  The  acids  are,  then,  all  combinations,  of  the  radical  or 
acidifiable  principle-  peculiar  to  each  fpecies,  with  oxigene, 
a  principle  common  tp  all  the  fpecies.  Hence  it  follows,  that 
their  common  properties,  which  give  them  the  acid  charac- 
ter, depend  on  oxigene ;  and  that  their  mutually  diftinguifhing 
qualities,  which  mark  their  fpecific  characters,  are  owing  ta 
their  radical  prihcipteSr         ' 

VHL  The  term  ^SrAfdenotmg  tfie'fcffential,  general  nature 
of  thcfejfabftaacfts,  forms  the  generic  name.    The  peculiar 

narns 


TTh  Formation  and  Detompqfition  of  Arid*,  -  4$ 

moe  of  the  radical  principle,  added  to  that  of  the  genus,  may 
fenre  to  diftinguifh  each  acid  in  particular.  Thus,  fulphur  ia 
die  radical 'of  the/ulfburic  acid  ;  phofphorus,  of  the pbo/f bo- 
ric acid  ;  carbone  of  the  carbonic  acid,  Sec* 

IX*  Although  this  nomenclature  poflefs  the  advantage  of 
exprefiing,  with  precifion,  the  nature  of  every  different  acid, 
yet,  it  has  not,  hitherto,  been  applied  to  all  the  acids;  becanie 
the  radicals  of  feme  of  then),  are  ftill  unknown;  and  of  others, 
die  radicals  are  themfelves  fo  compound,  that  their  names 
could  not  be  introduced  into  thole  of  the  acids  to  which  they 
iefpe&ively  belong,  without  producing  too  great  a  multipli- 
city of  words. 

X.  The  acidifiable  radicals  may  be  combined  with  inore  or 

Ids  oxigene ;  and  in  this  view,  are  fufceptible  of  two  different 

ftates  of  acidification.     In  the  ont9  they  are  combined  with 

die  ftnalleft  portion  of  oxigene  that  is  not  inefficient  to  render 

them  acid  ;  and  in  this  cafe,  their  acidity  is  very  weak,  and 

they  aft  with  but  little  energy  on  thofe  bafes  which  form 

with  them,  neutral  (alts :  In  the  modern  fyftematic  chemical 

nomenclature,  this  ftate  of  combination  and  acidity,  is  denoted 

by  terminating  the  name  of  the  weak  acid  in  the  fyllable  ous: 

Thus,  we  fay  the  fulphureous,  die  nitrous,  the  phofphorus, 

die  acetous  acid,  &c.     The  fecond  ftate  of  acids,  is  that  in 

which  they  contain  a  larger  proportion  of  oxigene,  (and  are 

for  the  moft  part  completely  faturated  with  it :  They  then 

poflefs  all  the  attractive  energy  of  which  their  acid  nature 

u  capable $  and  this  ftate  is  exprefled  in  the  new  nomenda* 

tat,  by  the  final  fyllable  ic9  in  contradiftinftion  from  ous  : 

Tfas  we  fay  the  fulphuric,  the  nitric,  the  phofphoric,  the 

^^tic  acids. 

Xl.  In  regard  to  die  proportion  of  oxigene  combined  with 
tbe  acidifiable  radicals,  what  is  laid  in  the  laft  fedion,  may 
even  be  greatly  extended  in  its  fignification*  Every  radical' 
mJ  be  confidered  as  capable  of  exifting  in  four  different 
iat»:  x.  As  containing  very  little,  oxigene,  not  even  enough 
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to  give  it  an j  thing  of  an  acid  nature  ;  and  in  this  Hate,  it  is 
but  an  oxide ;  fuch  as  fulphur  coloured  red  or  brown  by  ex* 
pofure  to  the  air ;  which  is  but  an  oxide  of  fulphur :  2.  As 
containing  more  acid,  than  in  the  former  cafe,  fo  much  as  i$ 
fufficient  to  render  the  compound  a  weak  acid;  and  fuch  is 
the  fulphureous  acid,  Sec.:  3.  As  containing  ftill  more  oxigene 
than  in  the  fecond  cafe,  and  being  now  fo  fatarated,  as  to  con*, 
ftitute  a  powerful  acid  ;  fuch  is  the  fulphuric  acid :  4.  Laftly, 
As  containing  a  portion  of  Superfluous  oxigene,  above  what 
is  requifite  to  render  it  a  ftrong  acid ;  it  is  now  called  an  oxy- 
genated, or  even  nfuper-oxigenated  acid* 

XII.  From  thefe  foregoing  fads,  it  appears,  that  there  are 
two  ways  of  forming  acids  at  pleafure,  with  thefe  feveral  pro- 
portions of  oxigene.  In  one,  we  combine  the  radicals  with 
the  quantities  of  oxigene  which  are  precifely  neceflary  to 
bring  them  into  the  new  ftate  that  we  defire  to  produce ;  as  is 
done  with  fulphur,  phofphorus,  and  arfenic.  In  the  other, 
we  detach  from  thofe  acids  which  contain  the  greateft  poffible 
quantity  of  oxigene,  certain  proportions  of  the  acidifying  prin- 
ciple, by  means  of  thofe  combuftible  bodies  with  which  it 
mod  eagerly  combines. 

XIII.  This  laft  method  depends  on  the  attractions  of  oxi- 
gene for  the  different  combuftible  bodies,  and  is  often  fuccefs- 
fully  employed,  to  effeft  the  entire  decompofition  of  acids,  by 
abfl  rafting  all  the  oxigene  contained  in  them.  Acids,  by  this 
means,  inflame  combuftible  fubftances.  In  order  to  this,  it  is 
only  neceflary,  that  the  acids  employed,  contain  no  folid  oxi- 
gene ;  and  that  the  inflammable  matters  brought  into  contafi  with 
them,  be  able  to  abforb  the  oxigene  which  thofe  acids  contain, 
into  a  ltate  more  folid  than  that  in  which  it  exifts  in  the  acids. 
It  is  not,  however,  every  one  of  thofe  acids  which  are  decom- 
pofable  by  combuftible  bodies,  that  can  heat  the  combuftible 
matter  to  inflammation. 

XIV.  Heated  charcoal  is  employed  with  fuflfieient  fuccefs, 
to  decompofe  all  the  acids  fufceptible  of  this  decompofition. 

1  But 
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But  there  are  other  combuftible  bodies  which  ferve  the  fame 
parpofe.  Such  are  moft  of  the  metals,  phofphorus,  fulphur, 
hydrogene  in  that  dry  and  folid  ftate  in  which  it  exifts  in  its 
vegetable  compounds. 

XV.  All  the  acids  owing,  as  has  been  explained,  their  fpe- 
dfic  differences  to  their  refpe&ive  radical  principles ;  they 
my  be  diftributed  into  four  clafies,  the  diftinftions  of  which 
mall  be  founded  upon  the  nature  of  the  radicals,  as  it  is  known 
or  unknowBiJimpU  or  compound. 

A.  The  Jirft  of  thefe  clafies,  contains  thofe  acids  of  which 
the  radicals  are  known  andfimple ;  that  is,  which  are  formed 
of  undecompoled  combuftible  (nbftances,  united  with  oxigene. 
k  comprehends  the  following  fpecies ;  the  fulphuric  acid,  the 
aitric  acid,  the  carbonic  acid,  the  phosphoric  acid,  the  arfenic 
arid,  the  tnnftic  acid,  and  the  molybdic  acid. 

fi.  The  Jicond  elate  include  acids  having  unknown  radicals, 
bot  foch  as  are  ftrongly  fufpeded  to  be  Ample.  The  mu- 
riatic acid,  the  fluoric  acid,  add  the  boracic  acid,  are  of  this 
character. 

C.  I  rank  in  the  third  clafs,  acids  of  which  the  radicals  are 
known  to  be  of  a  binary  compofition.  Such  are  the  vegetable 
acids,  whofe  common  radical  is  compofed  of  hydrogene  and 
carboae.     The  fuccinic  acid  belongs  likewise  to  this  clafs. 

D.  The  Iqft  dais  confifts  of  acids,  the  radicals  of  which,  are 
compofed,  each  at  leaft  of  three  different  fubftances.  Such  are 
the  animal  acids,  which  have  for  their  radicals,  combinations 
cf  caibone,  hydrogene,  and  azote. 

XVI.  Not  only  are  thefe  feveral  clafies  of  acids,  diftinguifh- 
*4by  general  chara&eriftics,  marking  each  clafs :  But  even 
**&  particular  acid  has  its  peculiar  properties,  by  which  its 
trader  is  discriminated  from  the  chara&ers  of  all  other 
ac*s.  Thefe  properties  may  even  be  expreffed  by  words  an4 
phrafcs^  not  Ids  fimnle  and  eafy  than  thofe  which  Linnaeus 

taufcht 
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taught  naturalifts  to  employ.    A  fltetch  of  this  mode  of  ex- 
prelEng  thefe  properties,  follows  below. 

XVII .  The  acids  with  firaple  and  known  radicals,  are  all 
decompofable  by  combuftible  bodies,  which  they  born  with 
more  or  lefs  aftivity j  and  are  thus  reduced  to  their  radicals. 
By  this  decompofition  was  the  nature  of  the' radicals  firft  dif- 
covered.  Thefe  acids  may  be  alfo  compofed  anew,  by  uniting 
agjgene  with  their  radicals. 

The  acids,  wbofe  radicals  are  unknown,  but  from  ftrong 
analogies,  fufpe&ed  to  be  fitnple  ;  have  no  other  claffific  cha- 
racter, bat  that  of  being  indecompofable  by  combuftible  bodies, 
and  not  to  be  formed  by  art. 

The  vegetable  acids,  with  binary  radicals,  are  chara&erifti- 
cally  diftinguifhed *  i.  By  being  all  decompofable  by  a  ftrong 
heat,  and  by  the  addition  of  a  due  quantity  of  oxigene  .  2.  By 
affording,  when  they  are  thus  decompofed,  water  and  carbonic 
acid  $  which  are  formed  by  the  preparation  of  their  hydro- 
gene  and  carbone,  and  by  the  union  of  each  of  thefe  bodies, 
Separately,  with  oxigene :  3.  By  their  flow,  fpontaneous  de- 
compofition, when  they  are  diflblved  in  water,  and  expofed  to* 
a  temperature  above  544-0  F.r  4.  Becaufe  they  cannot  be  de- 
compofed by  any  known  combuftible  body ;  fince  their  radi- 
cal is  compounded  of  two  fubftances,  which  are  remarkable, 
as  having  the  ftrongeft  poffible  attraction  for  oxigene :  5.  Be- 
caufe they  are  mutually  convertible  in  confequence  of 
differing  from  one  another,  at  the  firft,  in  nothing  elfe  but  the 
proportion  of  their  principles. 

The  more  compound  acids  with  three  or  more  radicals, 
which  derive  their  origin  from  animal  matters  ;  although  the 
lead  known  of  all  the  acids ;  have  alfo  fome  properties  which 
may  be  regarded  as  their  claffific  characters.  Sach  are,  the 
property  of  yielding  ammoniac,  when  they  are  decompofed  by 
fire,  and  of  affording  Pruflic  acid  by  a  change  in  the  propor- 
tion of  thejr  principles, 

XVIII, 
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XVm.  To  thcfc  claffific  chancers,  we  fliall  next  add  tbe 
Specific  characters  ;  and  fliall  here  endeavour  to  employ  a  fy- 
Irma tir,  technical  language,  fimilar  to  that  of  the  botanift, 
ad  the  zookgift. 

Acids  ofthejirfl  ctafr,  having  radicals  wluh  arefimpU  and 


A.  Sulphuric  acid ;  formed  from  fulphur  and  oxigenc,  by 
the  cooabuftion  of  the  fulphur 5  inodorate9  twice  as  heavy  as 
water,  very  cauftir,  led  volatile  than  water ;  affording  ful- 
fkaroou  acid  gas  and  fulphur,  by  its  decompafition  with  red- 
h$i  enai,  metals,  &c.;  forming  fulphatcs  with  the  earths, 
nlkiKi  «m1  f— »t>11ir  oxides* 

B.  Sulphureous  acid,  highly  odorate,  very  volatile,  gazeous; 
MraAive  to  blue  vegetable  odours,  and  fit  to  cleanfe  away 
tpati— dcwith  thefc  colours  on  a  white  ground;  abforbing,by 
law  degrees,  the  oxigene  from  the  air,and  from  various  acidsor 
oxides  *  faming  fulpbites  with  the  earthy  and  alkaline  bafes. 

C  Nitric  acid,  liquid,  white,  cauftic,  of  a  ftrong  naufeous 

tmtSL ;  formed  of  azote  and  oxigene ;   capable  of  inflaming 

falfhur,  charcoal,  zinc,  tin,  and  oils ;  liable  to  lofc,  by  the 

•ftiem  of  combuftiUe  bodies  upon  it,  various  proportions  of 

its  ongeae,  and  thus  producing  nitrous  acid,  nitrous  gas,  and 

utrous  oxide  ;  deftru&ive  to  colours  ;  pofleffing  the  power 

of  banting  vegetable  and  animal  fubflauces,  malung  them 

jdknr,  and  converting  them  into  acids;  decomposing  that 

imajjc  which  is  produced  by  the  putrefa&ion  of  animal 

Wta;  forming  nitrates  with  the  earths  and  alkalis ;  re, 

■toinnig  in  an  imperfeft  union  with  metallic  oxides,  and  ha- 

^■gi  tendency  to  acidify  them* 

D.  Nitrous  acid,  or  nitric  acid  with  an  inferior  propor- 
"■■  of  oxigene  ;  in  the  form  of  a  gas,  red  or  orange  colour- 
*■•  extremely  volatile,  difcolouring  vegetables,  becoming 
Nn**od  green  with  water  ;  communicating  a  yellow  colour 
10  citric  at  id,  when  united  with  it  in  various  proportions  ; 

D  yieVUn^ 


iM^Wt  ^iWWnWfc  under,  th*  cont&ft  pf  wnxbflilihle  bodi^.; 
mod  forming  nitrites  with  the  earths  and  alkalis.  ;    . . 

j, ;  £.  Carbonic  acjLd,i»  fatmed  of  .carfropg  in  the  proportion  of 
9t*8  .parts,  uiMted, uith  9,73  of ,  cgcigene  ^  is  a  gas  feeavie* 
^a^  cpt»4»ou4Mrr  ^hiplxit  difpjaceafr.  fill*  fubternmeous  c*. 
^jutfes  v  i*v  enrolled  from  liquor  in  yinou>  fertroenttfton  j ;  .€*• 
jftngujfres  l^n>ps>  kiUs  animals,  ic^ldens  only  light  blue'vepc- 
table  colours  ;  produces  a  precipitate,  of  cfeallviii;  li&e-wfttef, 
fcu{  ftg^oa  difioh^&e  chalk  in  the  water*  xninertdiztA  acidu- 
Jou£  #raUM$*  ajrid  enters; iota  combination,  with. bdvytes*  lita^ 
4*pper>  iron,  and  lead  ia<  .mines  and  quarries  ;  fwma  cafrta* 
£0tes  with  the  earthy  alkalis,  sad  ajet»Uic  oxides- j  is  deoem*- 
yrtfthlft  only  by  phofphorus,  and  when  it  i&iki  union /mflltfalk 
kaline  bafes,  particularly  with  fod a,  in  *hc  ftate  off  » I  car- 
bonate. 

F.  Thefifafybbtid  aeid  is  cmnpofrdtyf  ptibfpht^tiSrandoxi- 
gefte^<o&B&bift*d  by  a  rapid  and  ctotire  cotabuitioa  i  i&lfcgbid, 
Jhick*  or  folid*  *itca£able  by  fire?  diflolves  filioesf  iubfldaa 
the  aft  of  vitrification,;  is  deoompofoble  by  carbooe,  by  *hich 
atlb  reduced  to  fifl^kr phofpborus ;  andfbnn*  pboiphalesAith 
fhoefcrtbs, alkalis,  and  metallic  oxides*  .■■-■■■vh.-o 

t^-Gr*  Fhdfpbttxw^fRid  differs  ftroih  the  pbofpboriiyjODijie 
'confeinmg?  lefo;  oxigeae ;  is  volatile,  *&d  odoratcr.  detadtaa 
dtxigeoc  front tatitylodmr  bodiesi;  and  Jfiwrm*  pho%riutes  niflb 
4errenevafifcaliae*and  jaetallic  bafts,  i*  v; 

~n  H»  The  erf&iioaicid  is  formed  of  the  metal  caOcd  ar/**ii^a» 
unioA  with  o»ge»«J  :  CombuftionfTedUces  affenic  only /to  «b 
exide  j.  and  the  nitrite,  or  the  oxigenated  muriatic  4ci4^ir  tbfea 
aece&cy  to«flfoxd4he  additional  quantity  of  oxigtne  re>|tn6l» 
to  convert  the  oxide  into  acid.  The  acid  thus  obttmed^fa 
£feed»  filfible  into  fegla&t  decomposable  by  the  acKfaatff  a 
lia^e  quantity  of*  light  and  caloric,  end  by -many  <xm\m£kjiiikt 
Jxulitt  ;  ■  1  fimqs  farfimisftes  with  earthy  alkalis,  and  metaflib 
oxides.  The  oaide  of  aiienk .  which  combined  '*Ubi with 
.O  1  ■        1  ci 
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die  feme  bales,  may  be  regarded  as  a  fort  of  arfemotu 
acid.  ,K 

LTtmlttc  arid  is  a  compound  of  the  metal  of  tungften,  vVith 
tcrigene  ;  exifts  ki'the  form  of  a  white  or  yellowifh  powder, 
ixed,  iflfufible,  fcartely  foluble,  reducible  into  ttrngften*  Bjr 
fcydrogene,  carbone,  &c.;  forms  the  native  tnnftate  of  Hm4, 
which- is  called  Zripts  f#*deroJi$s9  and  the  native  ttihftate  c¥ 
ms^-or  itolfram  of  mineralogifts. 

&.-  Molybdkr  Scid  is  a  compound  of  the  metal  nimed  tnti- 
ifUtmOy^nth  oxigene ;  is  of  a  har(h  tafte  ;  ii  like  the  two- 
audi  lift  preceding,  metallic ;  exifts  in  the  form  of  a  white 
fnader  4  beoooieB  bine  by  the  contaA  of  thofe  bodies  which 
trimo&nti  mad  then  by  the  lofs  of  its  oxigene,  pafle*  taok(tag* 
ft*  the  JUtc  of  molybdemu  ■         ■  ■      i 

. ._ .,  i    <Apdf  oftbtficond  cjqfir,  of  unknown  radicals* 

:  SEX*  The  acids  of  which  the  radicals  *te  unknoton,  box 

SdptBmWi.  to  be  fimpte,  are  three  in  number  }  the  muriatic 

an%  the  fluoric  acid,  and  the  boracie  acid.  * 

AirHht  muriatic  acid  is  a  gaseous  or  fluid  fnbfbmce,  of  ft 

pungent  fmell,  unalterable  by  any  known  obmbufliUe  body) 

fcftfiewtil  coinbuftible  bodies,  particularly  metallic  oxides, 

*f  thrift  oxigenev  and  is  thus  changed  into  %mgtnated  muriatic 

md   Cirigen^ed  nmriatic  acid  is  remarkable  for  its  greenife 

yellow  colour  ;  its  power  of  thickening  and  *onftri£Hn£  thfc 

scgnur  of  asimal  bodies';  its  property  of  dfcftroying  the  «o- 

kns  of  vegetable  fubftancca,  and  of  inflaming  the  moil  part 

*f  coaoftoftible  bodies  ?  in*  capacity  to  form  with  potattv* 

fifc  which  rapidly  kbdks  hot  inflammable  matters,  and  pen* 

'onmahcr  purcft  vital  air  that  is  known.  •  1 

*  ^HtmAwaie  Jacid  is-  ar-  gaseous  fnbftance ;  forms  in  die 

%^  wany' thick  ~ndnte  vapeuir;  corrodes  gla&  j  diflblveo 

ftaaasieartb  *  mid  with,  tbir  earth  forms  a  permanent  gaS# 

W  jtfucjs  artier  fe^aiiies  ajpoxt  of  the  fiBses*. . 
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C.  The  boracic  acid  is  dry,  cryftalliaed  in  hcxahaedral 
plates,  fufible  into  a  glafs,  almofl  infipid,  fcarcely  foluble,  fu-» 
fible  with  filices,  very  feeble  in  its  affinities,  "and  liable;  to 
yield  up  the  terrene  and  alkaline  bafes  to  almoft  any  other, 
acid. 

Acids  of  the  third  clafsy  having  binary  radicals. 

XX.  The  acids  with  binary  radicals,  mixed  or  compound^ 
belong  almofl  exclufively  to  the  vegetable  kingdom,  and  are 
formed  by  the  union  of  carbonated  hydrogene,  or  hydrogena~ 
ted  caxbone,  with  oxigene  in  various  proportions  y  which,  as 
was  before  obferved,  accounts  for  their  reciprocal  conversion 
into  one  another.  Thcfe  acids  are  confiderably  numerous  ; 
and  their  number  may  probably  be  augmented  by  progreulvc 
difcoveries.  I  have  therefore  divided  them  into  five  genera, 
diftinguifhed  from  one  another,  by  generic  differences  in  their 
formation.  The  Jir/l  of  thefe  genera  includes  thofe  pure  acids 
whjch  ar^e  formed  in  vegetables  ;  comprehending  the  £uccinic 
acid,  which  is  evidently  of  vegetable  origin  :  In  this  genus, 
are  five,  fpecies ;  the  fuccinic  acid,  the  citric  acid,  the  g*Jlic 
acid,  the  malic  acid,  the  benzoic  acid.  The  fecond  genus  con- 
tains  thofe  vegetable  acids,  which  are  fully  formed  in  vegetables, 
but  are  a,t  the  fame  time  partly  faturated  with  potafh ;  they  are 
called  acidula  j  they  are  two  fpecies  ;  the  tartareous  acidulum, 
and  the  oxalic  acidulum.  In  the  third  genus,  I  rank  all  acids 
which  are  formed  l?y  the  a&ion  of  the  nitric  acid,  ana  the  pre- 
cipitation  of  its  oxigene,  upon  vegetable  fubftances  :  Of  this 
gf  bus,  we  know  as  yet  only  the  dftinft  fpecies  of  the  cainnhoric 
acid:  The  oxalic  and  malic  acids  indeed,  are  not  unfrequently 
formed  from  vegetable  matters,  treated  with  nitric  acid.  ,'Jn, 
the  fourth  genus,  |  plage  thofe  acids  which  are  formed  in  yege* 

'       «'vl 

tables  by  treatment  with. fire ;  fuch  as  the  pyromucous,  the. 
gyro-ligneous,  and  the  pyro-tartareous  acids.  The  Jtfth  ge- 
nus confifts  of  vegetable  acids  produced  by  fenneotauon  ;  pt 

.,r  thfc. 
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this  genus  we  know  none  but  the  acetous  fpecies.     The  fol- 
fowing  are  the  fpecific  characters  of  thefe  twelve  acids. 

A.  The  fuccinc  acid  is  difengaged  and  fublimated  from 
heated  amber ;  is  of  a  ftrong  bituminous  fmell,  oleaginous 
and  inflammable,  volatile,  cryftallizable  into  needles ;  forms 
permanent  cryftallizable  *  Calts,  particularly  with  jaetallic 
oxides  ;  and  adheres  more  tenacioufly  to  the  three  earths,  than 
to  the  alkalis. 

B.  The  citric  acid  is  cryftallizable  into  rhomboidal  plates ; 
is  not  convertible  into  oxalic  acid  bj  the  nitric  acid ;  has  a 
more  powerful  affinity  with  the  earths,  than  with  the  alkalis  ; 
is  readily  decompofed  in  water,  or  by  fire. 

C.  The  gallic  acid  exifts  in  abundance  in  nut-galls ;  is  cry- 
Sallized  into  fmall  grey  or  yellowifti  needles  ;  is  ftiptic  ;  pro- 
daces'  *  black  precipitate  from  folutions  of  iron  ;  reduces 
metallic  oxides  which  it  finds  in  union  with  other  acids  ;  is 
convertible  into  oxalic  acid  by  the  nitric  acid. 

D.  The  malic  acid  abounds  in  apples  ;  is  not  cryftallizable  ; 
is  convertible  into  oxalic  acid  by  the  nitric  acid ;  is  formed,' 
at  the  fame  time  as  the  oxalic  acid,  or  even  more  quickly,  in 
vegetables  treated  with  nitric  acid. 

£.  The  benzoic  acid  is  obtained  from  benzoin,  ftorax,  bal- 
fam  of  Peru,  vanilla,  and  cinnamon,  by  means  of  heat ;  is 
cryftallizable  into  flattened  prifms ;  has  an  aromatic  fmeiT 
when  heated ;  is  fufible  by  a  gentle  heat ;  is  volatile,  inflam- 
mable, fcarcely  foluble  in  water ;  is  folublc,  but  not  decom- 
posable by  the  nitric  acid. 

F.  The  tartareous  acidulum,  is  formed  of  tartareous'  acid, 
imperfectly  fatnrated  with  potaih ;  exifts  in  wines  5  is  cry- 
ftallizable, and  decompofable  by  fire ;  affords  a  large  propor- 
tion of  carbonic  acid  and  oil,  with  a  plentiful  refldue  of  car- 
Wate  of  potaih  ;  by  diftillation,  yields  pyro- tartareous  acid; 
is  fcarcely  foluble ;  is  decompofable  in  water  ;  forms  triple 
bits  with  the  alkalis  and  metallic  oxides ;  becomes  highly  fo- 
ible upon  the  addition  of  borax  or  boracic  acid  to  it.    The 
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f4,  reformation  and  Dttompofitk**fjfoi$J 

tartareflus  acid  obtained  from  this  acidulum,  is  cryftallixable 
itttb  needles  interwoven  together  ;  is  unalterable  in  the  airy 
is  highly  foluble,  affords  acidulmn,  upon  receiving  the  addi- 
tion of  a  fonfell  portion  of  potafli ;  decompofes  fo  much  of  fufc 
phate,  nitrate,  or  muriate  of  potafli,  or  foda,  as  may  afford 
pbtaih  Sufficient  to  reduce  the  acid  toacidulum;  is  convertible 
info  oxalic  acid  by  the  a&ioir  of  the  nitric  acid. 
1  G.  The  oxalie  acidiilum  is  formed  of  oxalic  acid  partially 
feturated  with  potafli ;  is  obtained  as  an  e2ttra&  from  falt'df 
fbttti ;  is  fcryftaUkeed  in  parallel  ipipeds  ;  is  hanliy^eeot»pd^ 
faMe  bftre ;  detaches  lime  from  any  other  acid  ;>isprectfely 
fimilar  to  the  aciduium  formed  by  the  nitric  add*  1*4rt» 'it  i# 
*  brought  into  conta&  with  any  vegetable  matter  whatsoever  ; 
is  unalterable  by  the  nitric  acid ;  is  the  leaft  decomposable, 
hk&  the  rrioft  oxlgehated  of 'all  vegetable  acids.  ' :  *  *  *  ?v 
^0,H;  The  camphoric  acid  is  formed  by  die  aftioti  of  thenittfe 
aiid  diftillecf  up6h  <iainphor ;  is  cfyftallifcable  in  ptiralkUpfri 
jteds;  forms  with  earths  and  alkalis,  neutral  falts  that'arti 
Mgjhly  tJfyfltaffizable  j  docs  not,  like  oxalic  acid,  abftreft  time 
firofa^Il  the  fcther  acids  5  is  veTy  little  known.  ^ 

* ';fT.  The  pyro-tartareous  acid  is  a  modification  of  theXarttU 
Tecni$  acid/  produced  by  fire ;  has  the  fmell  and>tdloiir  0f4 
iJurtit  body  i  is-  Very  eafily  rtfrefied ;  and  bubbles  up  ¥«*jr 
fetch, under  the  a£tfon  of  heat-;  i*  not  cryftaflizable  j  forma 
iJJitK  eairthy  and  alkaline  bales,  faks  different  from  thofe  which 
tfre  taftateobs'  acid'  yields'  vrith  the  fame  bafes  ;  is  but  littk 
known.  '-       i 

01  Kr.  The  pyro-tnucous1  *cid  is  forriied  by  the  diftiliatioh  of 
girths,  ftigar,  and  fecula  ;  has  a  lively  agreeable  odour  of  caL 
'i'atnels;  isr  volatile;  colours  vegetable  and  animal  mmttefe 
^ith  'a  Ted  hute  j  is  decompofable  Tjy  iritenfe  heat;  isbrit 
littJeknown.  '--!     '!  '*'-''  C1- 

1  Ll'Thepjhrci-Hghedu^acia  Is  obtained  from  wood  by  dlftil- 
'Jftitm  iMtes^pnngentv^id  fiheH  i'^nctt  cvyftallixaWe  ;  is 
fletttn^^  fttoft'poctithr 
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Ok*  with  earths,  alkalis,  and  metallic  oxides  j  has  peculiar; 
atmAioni  far  thefe  bates  ;  and  as-  to  its  other  qualities  anfb 
relations;  is  not  better  know*  than  the  two  fpecies  V^^VK 
ceding.    •  ..     -.-:--.■:  :v-     -  jj....  >  ,  -.  .  ,  <H> 

If*  The  acetous  acid/js  fbnped  by 
afld>»en  thi*  aoeogntnamed  Vinegar;  <h**  an 
andfiDeB;  is  bpiidV:  volatile*  and 'deoppinafable  bjr  afden^, 
boat;  ie  liable  to  be  foperfoturaud  with  o^igeq^,  whfn  it^is 
difKllod  with  metallic  oxides  4  and  becomes  inxonijpguencA 
4f tfci*  change  acetic  acid  or  nodical  vinegsp  9  which  is  much 
sote  aecid  and  more  odoraig  than  the  acetous  acid  ;  and  »  fdfa 
idWttinsbUy  and  mated  with  alcohol.  .r> 


<■.. 


Acids  of  the  fourth  clafs%  with  ternary  radicals, 

XXI.  The  acids  whole  radicals  are  ternary  compounds;  end 
w*ich4?we  been  in  general  described  as  confining  of  carbpne, 
hydrogene*  andazotein  union  with  OK^enes,  belong  chueflj 
to  the  animal  kingdom.  They  are  ftili  less  known  than  thofe 
efthe  third  clafs.  Bat,  feeing  that  they  all  furaiih  ammonia*; 
by  decompofitien  with  fire^  aud  Profile  acid  by  a  change  in 
tbe  proportion  of  tbear  principles j  I  am  led.  to  obkrvcp  that 
that  the  Pfttfte  ftcidleems  to  (laad  in  the  famje  relatioo  tp  this 
fea*s  of  acid*,  as  that  of  the  oxalic  acid  to  $he  vegetable  acid* 
Jftvg&erai.  When  animal  fubftances  ave  by  treatment  wi^h 
jkkric  aeid.  converted  into  oxalic  acid,  there;  is  cpnilandy  fornv 
d  at  the  fame  timpf  a  po^tipa  of  Pruffic  acid,  which  is  dxipu 
giged  in  vapours.  *  ,  ,  ; 

i-  Thene  are  feven'known  animal  acids,  which  appear  to  he- 
Itogall  to  {hi*  geaus  cd;  compounds  ;  namely,  the  la&ic  acjd, 
AhelaecluvbaStic  acid,  the  febacic  acid,  the  lithic  acid,  the  fox- 
jobacid*  the  bombic  acid,  and  the  ?fuflic  acid.;  Each,  hasi^a 

character  iftic  properties.  .  •;.,;• 

A,  Ilic4a#ica^  informed  by  th<;  addition, 0/ a  final! por- 

toa  of  acetone,  acid,; to  anilk  fpqntaneqn(ly  (cured;  is  net 


5tf         Ti^JW*M^^2*^^ 


m  tjwflcaiwlo^ttBltoaltc^WJttirtar  exynsrsrity  forms  (fcHgnnfc 
e^feldM**hd>ttoT*aeand  alkfaliiwibafw^^cxwqwfwafcr 

B.  The  faccho-laftic  acid  is  preciptodttd  it*  a \*hi*e  powdtt* 
ftomitb*  o%tt&'  aeid"tai*«*  tycfii^ttf  <of  >m41k  ^uJ)  mine 
wte^fthdifaoftt  Ii^e^and '^fti^'in^  tecum* 

ftl^«lrhig'thtfO(kftirrDf  4>oiToift^  aod^Whibh  fonm^fcTjfkL. 
iixaktei&Ufewich  lliQflUfitfsV  «  Vfety  littfe  kndwl^-  rmoi  . 
rXSi  Tbetfeb^c^add  i*  oTc>U«icja  frt»n.gt«fe  byi<he  4&to* 
<tfftitl'£*&P«raG6dl lik«^fe  &bto  ^eafaby>*h© pikaK© ^U 
limd,  with^jelidp  df  a-ftrjMg  hiat  j«fe  lipoid,-  whit^tfunMj^ 
▼ery  aetid  in  odou*  aao*  tafte^  forpa*  «ryfta11 reafeh^  and  flrad 
fdti;wld^ttfrtftwi  alk^$d<K*topctotattTiateof  Hfcrtjiry* 
i©4ttompofaW^b^^ft^€iag  h*at    '  »..-,.  fi-r^iD    , 

D;  The  lithic  acid  exifts  in  human  urine  ;  iqrms  the  ffotie 
in  the  bladder  ;  is  dry,  cryftallized  in  flat  needles  almoft  infi- 
fid  tnA  ipfalMfck,  in  jiartjvolaiiky  *4ecoin^able  byi  i/ftrong 
bcptjxjacUs  aa^baisaabtarjbonstBiaad  Frnffie  acid  when  beafe» 
•difrirfufiife;  jfiofmaj^ith  nitric  acidy*a  fbluiian  of  a  bpasrtiftti 
jwhofelbntf  y  rjs  frriuhk  jmcauftic  alkali ;  is  precipitated  from 
ttettrhie  oB  perfons^mkder  fever,  with  &reddiih  orgreyHh 

40ldt)rV*  <■  *i  »•  nil  ,1^  j«  ■i.:"i    *         ■'       •■  •»•  '  ■•«■  ^  ■• »  ••    ■•'  •■  ..iv  //)'j*j 

bJL  Finnic  adty  frqxtractaLfrefti  ants  or  fw-mk&ybf  &* 
ttilteti«,,<rfliilteaiflg''with  water  ?  reddens  Wufcflow«rs>*f 
^«gd*ables>  ev*ii  jri.  the  living!  infeft;  is  <ev<tr*ed  in  a  Arongiy 
©dora*e  vapour  $  At  ris  fmdl  refernbles  mu& ;  fcifo  animal^ 
j%ithis?<gazceU9&nri^  is*t  fc^thefaoiejddmefltotifeB'a^^vii 
Wgvr^isf  dkctopofi^fo'by'a  ftrongheat*  <  art  reds  oxjgtai 
ftbro  ojng^natedf  j^nriacb  acid  9  israftcfr  ftrodger  than  the  Alb 
pirurio<pci4  ^ibt*ifc^fiialkaiia*utfl  earths;  cry  ftattizabieiaod 
non.deti^nefcentia^tiui    ->m  •  ■«  ,i'i  _•»'■:»  *  ■   w.-,  * ;  *:  *  "i*> 

^iffrbe'tamliioaoQli*  prfaftavedroajrefervoirv  fitwatc  tsaafc 
tho  amo>c£>t^ctLrj6iii>o£  the  filk^aunl ;  is**a&rafteci  fsorh 
thjt:»gefebfiB4<iiy  cariptoffinap  01?  by  iteana  ofiah^oljjil 
" ''/'  - '  mingled, 


afe  mi  ■■iAm  i  >i  Hnwli  <JtwrM^tTO^ttfljtdgqpi>pDM>lej  Jidda 
Prnffic  acid  bj  diflillation,  and  with  the  nitric^acid;  ia&Bi 

tatraf  Eiiiffi«  bta*>ti$  fttoflreftafe  o\*atocd  fatp  the  di£ilfc*to« 
tofcidtakk  ihy  titefi&imvi  tbAi  nrfrkaridrnpop  iho4ftn>riwfr 
the  ffattB>  «>r  gber£btas»  &&c*  t^.^mialr^wcTcjircd^/VpJafc 
a  formation  ^03»fcfl[a^  remarkable  4or* 

fadUt  adad^t^IiDftcU^rd^Wiagiibalof  hitter  atoondl£  itea* 
l^daaoitipofii^by  ii  pcalheat^  wid  i*i  teeaapofititnt-pifcMa 
iwwww.iri  it  capable  4f  jaifoiniagithefoiyii^f.gtt  3  *tttaj|# 
nrfalia.  osides  frflmaaaarj  of  the  other  aotd*9  may -bfciiwB* 
rd.bjitbe  bqhvi  rfrbj&egfljne*  cadfef**  taatcv  awiojugofc^ 

is  fligbtlj  acid  in  its  tafte  ;  v$d  cwtsUitf^dsicftoaJd  (atflH 
bnClittk  oai^rnpr  -  i»..n..:        -v./i  L::  .*:  w         r  T    a 

•:'!,  ;:>.ri.       '    •*:  1  :.  "»  ..      ■   ■  ■  ■  f-  /-.      #*"•■  ■  ;<:    ,lj  j.i 

,  XXJK  Prdm  whatis  here  kid  dowq,  it  follow^  that  fefct 
anil  ^ahidtharalxeki  divided-  into  tua>  danca/ai  heiajriimplfc 
acoafpand  in  their  radieak  $  differ1  *yefc-iiiBie{efiBntiaU^n 
this;  that  thrjaci^s  r>£  the  ibrmttr  clafa,  aire  hdt  .smtnalljrxM* 
ttrtftjc  JjitOiOne-gBotfaep ;  .hecaufeftfacrgiisiaflyido  diicfeate 
between  the  properties  of  one  fimple  radical,  fuch  as  folpbtoA 
aid  ihofeof  aopther*.-  «  fee :  ihftance  phof^harus;^  *Ta  eject 
1fe-0utf4Uii<fefeY*f&oifeof  any  tw*  acidai with  fimple  bafts*  i* 
jJudrt he>neceflatjr i» begirt mkh converting  their  radioabja* 
Itofieranafhtr  $  ;4  fiba^tfiW^kiiiajAisftrfroia  Jcixnrii^tow 
to  accom jJiih.  r  The  focrtndi  claft  ^facidsv^m  the  coat  cary^ 
Wiflg*  11*  general  formfcd.ofa  bafeicortjvrooded  tt  hjdrogepcj 
Otffcaae, and aaotr^ifcdoe^^ioed-whii oxi^cne^appcar  tadtfr 
fefcfottuid^iaiiotl^narfljr^  proportiohf 

of  the  two  or  three  principles  in  the  coasgxrfitioQ  of  their-. is* 
An!  ft  aadrijifthepcopDctite  /of  the  oxigeneby  which  theVa- 
fal  ia>iaadified.i  Tfaey>/havc  « tendency  ^'experience  con* 
taaU^ax^Uonamthepioport^oa^of  {heir  ootnpcfitiwi;  efjpc- 


czaUy  under  die  igflirenne?  oftchange  ^itfcinfKnitui^  Jnoiftltre, 
&c.;  and  they  thus  pais  fpontaneoufly  into  different  (latest  Thus, 
for  inftance,  by  the  efforts  of  vegetation  merely,  plants  tkmc 
to  contain  different  acids;  at  different  periods  in  their  growth, 
Thosyfohitions x>f vegetable  acids  im  watery  are  altered,  fiiffer 
a  change  of  nature,  and  at  laft  yield  all,  more  or  fcfr  of  car* 
bonifr  wridand  -watery  whenichey  irendi^tbe  ultimate  peiioH  of 

their  decompofownu     ^ :  «  •.  ,    ^«    :  T 

iJfcXltl;  ThfafeTtmth^4wing  clearly  coflopreteoded,  we  tan* 
pot  fail  to  perceive,  that  there  remains  yet  to  be  difco?ered9 
noiibnlj  theiQatorbnf  Several  aridty  thtetotnpnfirion  6f  *Aich 
i*  unknown ;  but  even  the  exiftence  of  perhaps  a  coftfiderable 
Mnbtzidf  new  acids  to  plants  andantaafe*  Eotf  *monjjthe 
produ&s  of  tkDfe.orgawDBdjbeiogiyTnof  wfcifch  **fc-  bave1>egun 
to  invefligate  the  principles,  we  are  as  yet  far  from  having 
exhaufted  all  the  poffible  combinations  of  carbone,  hydrogene, 
azote,  and  oxigene;  as  a  very  flight  calculation  will  readily  fliew. 
To  this  order  of  refearches  and  difcoveries,  is  to  be  referred, 
the  examination  of  thofe  acids  which  are  faid  to  exift  in  cork, 
in  grey  peafe,  and  in  various  vegetable  matters,  as  alfo  in  the 
dot  of  the  blood — cruorie  acid,  and  in  the  gaftric  juice,  &c 
It  will  alfo  be  perceived,  upon  infpe&ing  the  particulars  of  the 
chapter  immediately  fubfequent,  that  moft  metals,  when 
burnt,  appear  to  aflume  an  acid  charade  r,  and  to  aft  the  part 
of  acids  in  many  combinations.  Acid  fubftances,  therefore, 
fcem  to  be  the  moft  numerous  of  all  bodies,  and  to  ad  the 
moft  important  part  in  all  thofe  chemical  alterations  which 
bodies,  fimple  and  compound,  inceflantly  undergo. 

Application  of  the  above  proportions . 
The  artificial  formation  of  fulphuric  acid  by  the  com* 

bullion  of  fulphur  in  the  great  way. 
The  extra&ion  of  colour  from  white  linens  and  fluffs  by 
fulphureous  acid. 

The 
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He  aew  arts  of  bleaching,  by  the  oxigenated  mnriatio 


Theory  of  the  ^4?aa  &^  of  ancient  chemHts. 
The  art  of  engraving  on  gbuY  with  the  fluoric  acid. 
Fart  of  the  theory  of  the  foraoation  of  artificial  nitre- 


»         • 


The  exiftence  and  fcraatio*  of  the  known  nature  acids* 

The  influence  of  the  acids  in  mineralization*. 

The  eytraftioa  and  purification  of  vegetable  acids  and 


Thefpontaacons  formation  and  deftrv&um  of  vegetable 


TheaMitast  cottverfioos  of  these  acids  and  acxdnleints 
oae  another  by  vegetation,  fermentation,  See. 
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•.J,  J&L  jt^c  acids  combine. without  decouipDfitioPj.w^k.thf^ 
alkaline  eayjfry  *m4  the  alkalis*    Thefc  combitwtigtog .bajps  5 

4mjf/*&4'  ■  The  two  froner  of  thefe.  names,  are  notcprrc^Uy; . 
applicable  to  them,  except  when  they  are  neither  acidflflr. 
alkaline  ;  the  two  letter  are  more  accurate,  and  more  ufefql. 
<^Ji  thefe  £aks  ar*  eattj  formed  by  art*  Mature  exhibit*  $y 
grfat  number,  especially  of  thofe  which  axe  forme$tt>y  a^i^ 
of  ftmplc  radicals*  Mineralogy  jU  daily  obtaiaing  th$  fcpow^. 
ledge  of sizyr  fete  o£)(this  cbara&ex,  by  the  anplyfi*pf  mift;; 
netab,  which  cap  alone  explain  their  intimate  aapucu ,. »  ;>  -  ■  MJd: 
IJ.  All  thefc  compound,  falts  require  to  be  diftinguiflieftbjk 
ttpo  names  j  one  exprefling  the  acid  j  the  other*  the  .  tqrrcn$f: 
or  alkaline  bafe.  The^  firft  of  thefe  names  may  har^  two ,^a«rc! 
rations  of  teanination,  corresponding,  to  pm  different fftages 
of  tbe  ac&  in  the,  comnoond  fait*  .  The .  termination  /»te  may. 
be,  employed,  when  the  mi  iaone  of  tfaojk  which  aj^^oovjj 
pkt^ly  frturated  yutfe  ojigene*  and  whofc  names  cgtf  jga.jfe* 
thus  the. ftfts  cpn^pound^  fwiA  ^o  ^Vrir  acid*  may  beqfflWi , 
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the  prefence  of  thofe  weak  acids  which  are  not  fully  faturated 
with  oxigene ;  and  which  when  alone  have  names  ending  in 

III.  As  there  are  thirty-four  fpecies  of  known  acids,  and 
feven  bafes,  terrene  and  alkaline,  fufceptible  of  fnch  combina- 
tion as  forms  compound,  falts^  ther  number  of  thefe  com- 
pound  falts  might  be  ftated  at  238.  But  this  enume- 
ration would  be  far  from  accurate:  1.  For  there  are 
but  a  few  acids  fufceptible  of  combination  with  filices: 
2.  Becanfe  there  are  otliu  audi,  which,  on  account  of  their 
vreaknefs,  cannot,  without  undergoing  decompofition,  enter 
into  union  with  terrene  bafes,  or  with  ammoniac  :  3.  Becaufe 
there  ate  ,ysud9!?s,  acid?  capabfc  of  .  c^n^ij^  wth  ^ho  ftipe 
bales  in  three  different  ways, — or  of  three  different  Hates  of 
faturation  with  thofe  bafes ;  namely,  with  excels  of  acid,  in 
the  exaft  neutral  Hate,  and  with  excels  of  bale.  Neither  can  we 
crtBfy  fctcrtriihe  the  number  of  the  terrene  and -alkali-he 
cfau*puUflo?ialts  v  for  we  are  as  yet  far  from  baring  examined 
thofe  coiAbtnations  fo  fully  as-to  know  then*  well,  ami  to  be 
ojrtiM^prbetficr  they  may  not  be  fufceptible  of  tariot*  fattfrt' 
rations;  &c.  "  J  '   ":  h  -Mf 

IV.  As  the  acids  tatt  *H  different  efeftitt  attractions^ 
afifdtiesr Ibr  erery different  terrene  or alkaline  bate ;  it^rodH 
K'neceBry  for  us  to  know  air  tbefe  different*  affinities,  m  tor** 
def  tfiat  we^adgfrt  have  a  complete*  htflc-ry  of '  tfi^  compound 
£A£    Tkit  ewljr  V  imallmrmber  6f  thefe  affinidtt  hare  hi- ' 
thcrto  beetf  fttaft^«te«niiiM:  Wtfire  too  far fhmpdTeffin^ 
aKrt&4fafcflribKge  of  &&s,  neceiErr^co  tfhmW  -due  light  upon 
tWe  bodies :  We  have  not  as  yet  tho*oiighly^e*Jtaiined  a  tents'  « 

f  ^tVetteV  regularty HfrHt&nt  Mftory <* eettptfuna  falts*1  < 
^KritdftSle  theWiifte^genewt  h*A  Reefed;  Md  *fcett*ltf,' 
t^gelieWaiiSTpecife:  ehafaft^s/  W  this  ^ff  of&6  ltfltft/  J 

<*a«fc  hits;  *&f  zizgttt  fiotcfcdftft'Ke  ifa#&*tti"Vc&tf&i 

<**WkaW4^^  tiMotigirtf? 

i^rtfkiM  -m^tafdtm&s  wi*fttf  tft^/Aethottaaet 

botn 


botany  to  the  enunciation  of  the*  chemicsd  properties  of  tfiefc 
and  other  bodies.  ..;>£" 

There  are  two  modes  Whk&r  tfiay  be  employed  for  the  fy- 
ftematic  arrangement  of  ^the  cd&ponnd  fait*.  Of  thefe,  one 
is  founded  upon  the  cdnfideratioit  of  the  natate  of  the  acids  ; 
the  other  refers  to  thfe  nfetitar  x>f  the  fatfe?.  We  cannot  as 
yet  form  genera  which  fball  comprehettd  all  thefe  falts,  other- 
wife  than  upon  the'iiat&tedf  the  acids  $  fofr  the  acids  alone 
can  furnifh  us  with  genetic  -characters  §  the  influence  of  the 
bafes  upon  the  propertied  ^tf  thefe  cftinpdunds,  ii  not  yet  fo 
adequately  known,  as  that  we  can  employ  thefe  alkaline  and 
terrene  fubftancts,  as  tfoe-headft  <rf  genetic  divifitas. 

VI.  We  may  reckon  fivtf  and  thirty  (enete  of  compound 
fidts,  correfponding  to  the  number  of  the  sfcidftv  "The  generic 
names  are  taken  from  the  sands  tefpe&ivelyj  The  following 
are  the  denominations  of  the*  thirty-five  genera. 


•.  .  »■■.'. 
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I.  Genus,  Sulphates. 
IT.  Genus,  Sulphites.* 

III.  Genus,  Nitrate*. 

IV.  Genus,  Nitrites. 
V.  Genus,  Carbonates. 

VI.  Geritis,  Phosphates. 
VII.  Gerius,  Phosphites. 
V7II.  Genus,  Arsfntates. 

IX.  Genus,  Arsekites.  ■ 

X.  Genus,  TuKsTAtES. 
XI.  Genus,  Molybdatesj 

XII.  Genus,  Muriates. 
XIII.  Genus,  Oxigenated  Muriates. 
XJV.  Genus,  Fixates. 
XV.  Genus,  Borates. 
XVI.  Genus,  Succinate^.  |f' 

XVtl.  Genus,' Citrates.  ~  «     •  ^ 

X  vaT.  TJenus.  Gallates,  fc 


XIX.  Genus,  Malates* 
XX.  Genus,  Benzoates. 
XXK  Genus,  Tartrites. 
XXII.  Genus,  Oxalites, 

XXIII.  Genua,  Camfhoaates. 

XXIV.  Genus,  Ptromucites. 
XXV.  Genus,  Pyhougvites. 

-  XXVI.  Genus,  Pyro-Taetarites, 
XXVII.  Genus,  Acetates. 
XXVIII.  Genus,  Acetites. 
XXIX.  Genus,  Lactates. 

XXX.  Genus,  Saccho-lactates. 
XXXL  Genus,  Sebatbs. 
XXXII.  Genus,  Lithiates-  ' 

XXXIII.  Genus  Foemiates. 

XXXIV.  Genus,  Bombiates. 
XXXV.  Genus,  Prussiates. 

VII.  Every  one  of  thefe  five  and  thirty  genera  of  compound 
nits  which  are  here  enumerated,  is  to  be  confidered,  with  re- 
prd  to  its  diftinctive  chara&ers,  or  to  thofe  properties  which 
fcrve  to  diftinguilh  it  from  every  other  genus,  and  to  afford 
dear  notions  of  thofe  differences  by  which  all  the  genera  are 
mutually  difcriminated. .  We  muff,  for  this  end,  chufe  out  one 
fingle  property  if  poffible,  or  at  the  utmoft,  two  or  three  pro- 
perties, ft rikingly  different  from  one  another,  in  every  genus  \ 
and  thus  find  the  peculiar  characters  of  all  the  genera.  The 
Ulowing  is  an  attempt  at  this. 

I.  Genus,  Sulphates  -*  decompofable  by  charcoal,  Sec*  into 
folphnres. 

n.  Genus,  Sulphites  ;  yield,  by  the  contaft  of  almoft  any 
fcid,  the  Cmell  of  burning  fulphur  with  effervefcence. 

TO-  Genus,  Nitrates  ;  kindle  combuftible  bodies,  at  al* 

P  w  I  .4 

"toft  any  temperature ;  and  are  aln^oft  all  f  educed  to  their 
bfc)^  the  a&on  of  fire.  '  :""  '  *  " 
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IV.  Genus,  Nitrites  ;  decompofable  by  weak  acids  which 
feparate  from  them  a  red  nitrous  vapour. 

V.  Genus,  Carbonates  ;  in  which  the  charaders  of  the 
bafes  (till  remain  more  or  lefs  eminent ;  and  which,  with  all 
the  acids,  exhibit  ja  briik  and  difcemihle  efervcfcence,  that 
proceeds  till  the  carbonic  acid  be  wholly  difengaged. 

VI.  Genus,  Phosphates  ;  decomposable,  mediately  or  im- 
mediately, by  charcoal,  which  feparates  the  phofphonM. 

VII.  Genus,  Phospijitks  ;  all  immediately  decompofable 
by  charcoal,  which  (Separates  the  phosphorus ;  and  affording 
vapours  by  the  contad  of  the  fulphuric  acid,  &c.  . 

VIII.  Genus,  Arseniates  ;  yield  by  the  contad  of  burn- 
ing coals,  the  odour  and  the  white  vapour  of  arfenic ;  axe  not 
decompofable  by  acids  alone,  or  without  a  double  affinity. 

IX.  Genus,  Arsxnites  ;  the  arfenious  .acid  is  ftpaimted 
and  precipitated  from  their  folutions,  by  the  contad  of  any 
other  acid, — even  by  that  of  the  arfenic  acid. 

X.  Genus,  Tunstates  ;  become  yellow  at  the  contad  of 
the  nitric  or  the  muriatic  acid. 

XI.  Genus,  Moltbdates  ;  thefe  arc  to  be  known,  as  yet, 
only  by  their  affording  molybdic  acid,  when  treated  with  other 
acids;  and  by  the  peculiar  properties  of  the  molybdic 
acid. 

XII.  Genus,  Muriates  ;  yield  muriatic  acid,  at  the  con- 
tad  of  the  concentrated  fulphuric  acid ;  and  oxigenated  mu- 
riatic acid,  by  the  contad  of  nitric  acid. 

XIII.  Genus,  Oxigehated  muriates;  kindle  all  cdnu 
buftible  bodies,  at  a  lower  temperature,  than  do  nitrates,  with 
a  briik  flame  ;  and  after  this  combuftion,  remain  in  the  (late 
of  fimple  muriates. 

XIV.  Genus,  Fluates  ;  emit,  at  the  contad  of  concen- 
trated fulphuric  acid,  a  vapour  that  corrodes  glafs. 

XV.  Genus,  Borates  ;  fufiMe,  with  or  witliout  the  repa- 
ration of  their  bafes;  yield  by  folutiou,  in  union  with  another 
acid,— boracic  acid  in  foliated  cryftals. 

2  XVI. 
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i,  Svcctitates  ;  wc  cannot  diftingniih  and 
characterife,  without  firft  decompofing  them,  and  obferving 
their  aeW;'  they  for  the  mod  part  retain  a  froell  of  burnt 


XVII.'  Genus,  Citrates  ;  are  not  diffidently  known  to  bi 
daCTiminatgft  by  generic  characters ;  in  order  to  diftinguifh 
"imft  feparate  the  citric  acid  by  the  ufe  of  the 
acids. 
ffGteims,  GallaTes  ;  tliefe  are  all  very  clearly  clia- 
hf  the  property  which  they  poffefs,  of  producing  a 
black  precipitate  from  folutions  of  iron ;  and  of  efiefiing 
iyMM*rtsdaA»a  of  the  oxides  of  filver,  gold,  and  mercury, 
— M  tfce  fauna  time,  when  they  feparate  them  from  their  fo« 
famous: 

JUTLm  Genus,  Malates  ;  are  almoft  all  deliquefcent ;  are 
to  he  nwHnguiflied  only  by  a  partial  extra&ion  of  their  acid, 
ky  means  of  mineral  acids. 

XX-  Genus,  Bevzoates  ;  their  genus  may  be  determined 
17  the  fmelj  which  they  emit  of  the  benzoic  acid ;  and  by 
ihrir  affording  this  acid,  when  espofcd  to  the  action  of  other 
am  powerful  acids. 

XXL  Genoa,  TARTarrES  ;  we  find  characters  fufficiently 
Inking,  to  diftinguifii  thefe  falts,  in  their  tendency  to  form 
triple  falls,  and  acidula  lefs  folnble  than  the  pure  acid  and 
the  ueutndlalts  which  that  acid  forms  with  the  fame 
We?. 

X&II.  Genus,  Oxalates  ;  their  tendency  to  form  acidula 
fcstaly  Cblable ;  and  the  property  which  they  poflefs  of  dc- 
unpoung  all  calcareous  falts;  are  fufficient  to  diftinguifli 

XXUI.  Genus,  Gamphorates  ;  are  too  little  known,  for 
»»to  be  able  to  afiign  tliem,  generic  characters  ;  they  ?re  lo 
KA&Higuiihed  by  the  prcfence  and  the  properties  of  the 
c:3fhoric  acid,  partially  obtained  from  tliem. 

-E  XXi  V, 
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„i  XXIV.  Genus,  FraoMpciTKa*  in  the  feme  cafe  as  *h<* 
camphor  ates. 

XXV.  Genus,  Ptrolignitks  ;  equally  unknown. 

XXVI.  Genus,  Ptro-TartarJTO*  i  cannot  be  chat a$er- 

§fed« 

>  XXVII.  Gwwr  Aoetatjss  v  ftiU  but  iodiftiaaiy  difcrto 

0gp&$ed&pm  ^ottites  ;  yield,  when  decompofed.bjy  miners! 

acids,  a  very  ftrong*  and  a  very  pungent  .white  vapour* 

XXVIII.  Genus,  Acetjtes  ;  all  to  be  diftinguiihed  by 
their  acid,  fep*r*te4  from  the  bafe  by  other  more  powerful 
acids. 

XXIX.  Genus,  Lactates;  are  very  little  known  \  diftin* 
guiibableonly  in  their  acid,  feparated*by  other  acids. 

XXX.  Genus,  Sacgholactes  ;  like  the  laftatss,  ma* 
known. 

XXXI.  Genus,  Sebates  ;  affording  the  white  vapour,  *n4 
the  acrid  odour  of  the  febacic  acid,  at  the  contaft  of  the  morQ 
powerful  mineral  acids, 

*  XXXII.  Genus,  Lithiates;  in  their  attractions,  the  feeUeft 
of  all  acids ;  decoippofable  even  by  carbonic  acid. 

XXXI II.  Genus,  Form  i ate s ;  very  little  known,  and  only 
diitinguiihable  by  their  acid. 

XXXIV.  Genus,  Bombiates  $  not  better  known  than  the 
formiates. 

XXXV.  Genua,  Prussiates  ;  clearly  chara£terifed  by 
their  power  of  forming  Pruffian  blue,  with  folutions  of 
iron. 

VIII.  To  determine  the  fpecific  characters  of  nearly  34$ 
fpecies  which  thefe  thirty-five  genera  contain  ;  they  muft  be 
jtudied  with  deep  and  affiduous  care.     In  this  department, 
the  fcience  of  cbemiftry,  is  not  yet  far  advanced.     Wanting 
fuch  knowledge,  let  us  at  leaft  endeavour  to  diftinguifli.  thep 
path  we  muft  follow  in  order  to  complete  the  hiftoryof 
thefe  compounds,  and  to  fix  a  proper  method  of  ftudying  thei* 
properties. 


-  Every  eoinpeFgnd  &k,  tett4n4  or  s&alki^  ferhibfts  tor  the 
ehterver,  the  following  particulars.  *z 

1.  Form,  and  the  varieties  of  form*  Thefe  ate  to  4>e>  geo- 
metrically defcribed.  The  inclination  and  the  degrees  of -die 
angles  ;  the  primitive  formation  of  the  cryftals ;  thelrirftenor 
fane*  their  difie&ion;  *nd  the  lava  of  ^minntioa  which 
dctermme  their  rimeries  5  ought  to  be  ali*ehmrked  andex- 
Bfe&dV    .  *   .-  j-  ■  •   - 

*  2-Itseauftence  in  nature  or  art  5 the>  eoaaporifen  4st  the 
native  with  the  artificial  (alt. 

^kstafte.  .  i 

4.  The  adieu  of  fire  upon  k;  which  may  he  cither  nothing 
aff  all,  or&fiag,  vitrifying,  fablhnacingt  decompofing,  &e* 

5«  The  a&ion  of  light. 
~  <«The  mAuefec*  of  air,  which  may  1m  either  negative^ 
•r  finch  as  to  furaifli  or  abftrad  water  of  -cryftallization- 

7.  Its  union  with  water ;  the  quantity  nectffary  to  its  fo* 
laliau,  at  Afferent  temperatures  ;  the  calorie  then  absorbed 
or  difcngaged  ;  the  cryftalKzation  effeded  by  cdoting  or  evn* 


S.  The  attra&ion  of  earths,  modifying,  decomposing,  not  a£» 
fc&htg*  or  entering  into  a  triple  compound  with — the-  fait.  - 

9.  The  effect,  of  the  alkalis  upon  it,  which  may  be  negative, 
fccompofing,  or  fometiaaes  forming  a  triple  compound.    * 

10.  The  comparative  a&ion  of  the  acids  different  from  that 
exifting  in  the  compound  fait ;  and  this  is  either  fuch  as  to* 
decompofe,  and  deftroy  the  peculiar  nature  of  the  fait,  or  fuch 
»  to  produce  no  effed  upon  it* 

ii* The  influence  of  the  neutral  falts  upon  it;  which  is 
cither  negative,  or  tending  to  form  a  triple  fait  by  entire 
combination  ;  or  efie&ing  a  double  decompofition  by  which 
the  Wes  and  acids  are  reciprocally  changed j  or  producing  a  j 
precipitation  in  confequence  of  the  attraction  of  fome  of  the 
Mrfbnces  for  water. 

£  2  it. 


-   '  n.  The  fohibility  or  itofoluhilityi  of  thfcfeh  iorsdo 

hoL  -.]  pn 

- 13.  Its  alteration  or  inalterability  by  charcoal,  decompofii 
its  fccid,»4r  leaving  it  unaffected,    r  *  ■■     «  ■•  t     ..** 

14.  The  influence  of  vegetation  and  fermentation  upon  th 

firit.  ■■<  -      v 

15.  Its  a&ion  on  the  animal  ceconomy. 

IX.  If  in  the  prefent  date  of  chemiftry,  all  thefe  inquiri 
could  be  fatisfadorily  anfwered ;  the  hiftory  of  the  compoui 
falts,  terrene  and  alkaline,  would  then,  not  only  be  con 
plete,  but  would  throw  great  light  on  many  of  the  phc 
nomena  of  nature  and  art,  which  are,  as  yet,  but  little  unde 
Hood. 

X.  We  are  already  acquainted  with  fome  faline  combin; 
tions  of  an  acid  with  two  bafes  $ — and  thefe  bafes  are  moj 
efpecially  magnefia  and  ammoniac.     Such  compounds  are  d 
nominated  triple  falts.     But,  there  are  probably  many  mo 
of  them  than  we  yet  fufpe&  ;  and  thefe  demand  all  the  atte 
tion  of  chemifts.     The  earth  expofes  both  at  its  furface,  f 
in  its  cavities  near  the  furface,  various  faline  compounds  < 
fering  from  thofe  which  art  produces, — in  that  the  for 
alone  -exhibit   the  fimultantous  exiftence  of   two  bafes 
even  of  two  acids.     Borate  of  lime,  and  borate  of  mag 
have   been    already   found   cryftallized    together    in 
quart*  ;  fulphate  of  lime  and  fluate  of  lime,  in  earth  of 
maroch,  and  itone  of  Eftremadura,  &c. 

application  of  the  foregoing  proportions. 

The  knowledge  of  native  falts. 
The  oryftallization  and  purification  of  ufeful  falts 
The  phenomena  of  folu tions. 
The  precipitation  and  preparation  of  alumir 
nefia,  &c. 
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The  atmdion  of  lime,  poCalh,  Jbdo,  and  ammoniac  for 

acids. 
TbfeJfet*gfln<n  of  a^cfci^ial  Jaka io-natnce*  ■'  t 
All  the  particular  fads  relative  to  the  manufafture  of 

Jabs* 
The  preparation  of  the  nitric^  muriatic,  boracic,  fee* 

acids. 
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I.  IN  the  fixth  chapter  preceding,  we  have  considered  me* 
tals  as  combuftible  bodies  undecompounded  or  Ample,  and  cha- 
rafterifed  by  their  more'  remarkable  properties.  Bat  thofe 
general  fafts  are  not  fufficient.  The  pfcrt  which  metals  f$ 
among  the  phenomena  of  nature,  and  in  the  proce&es  of  art, 
requires  us  to  examine  them  particularly,- and  in  fuch  detaiL 
that  we  may  rightly  eftimate  the  full  extent  of  their  vtattfr 
influence. 

II.  Although  metals  be  capable  of  mutual  combination  nr 
their  metallic  ftate,  as  well  as  of  union  with  fulphur,  pho£ 
phorusr  carbone,  and  with  all  combuftible  matters  in  general; 
yet  they  are  more  commonly  combined  with  oxigene,  before 
entering  into  combination  with  any  other  fubftances :  Or,  in 
other  words,  in  order  to  enter  into  moil  of  the  compounds  in 
which  they  are  known  to  exift ;  they  muft  firft  be  combined 
frith  oxigene,  or  reduced  to  the  ftate  of  burnt  bodies.  All  th» 
lingular  phenomena  which  the  metals  exhibit  in  their  combi- 
nations ^  all  the  changes  of  form  which  they  undergo ;  are 
owing  to  their  attra&ion  for  oxigene,  and  to  the  varying  pro- 
portions in  which  they  poflcfa  this  principle* 

III, 


Oxidation  and  Solution  oflfotals. 

III.  Although  there  be  many  cales  in  which  the  metals  are 
fidceptiUe  of  combination  with  oxigeoe ;  yet  thefe  may  all 
be  reduced  to  three  general  heads*  The  firiJini*  cmntaB  of 
mr,  aflifted  by  the  adion  of  caloric ;  the  fecond  is  owing  to 
the  dtcoMpq/Uum  of  water ;  the  third,  to  the  decompqfitio* 
of  acids.  In  this  threefold  point  of  view,  we  ihall  here  con- 
fider  the  oxidation  and  folution  of  metals* 

TV.  All  metals  heated  in  the  air,  and  raifed  to  a  certain 
temperature,  higher  or  lower,  before  or  after  their  fufion, 
ire  liable  to  burn  with  a  briflt  flame,  an  ardent  heat,  and  a 
real  deflagration.  They  then  abforb  oxigene  in  a  more  or  lefs 
food  ftate.  Such  as  are  oxidated  (lowly,  and  without  any 
kuible  inflammation  nevertheless  dilengage  light  and  caloric 
fan  vital  air ;  but  in  quantities  fo  (mall*  that  the  light  and 
caloric  do  not,  during  their  difengagement,  become  perceptible 
to  our  organs. 

V«  Wfc  of  tetnperaturfc  favours  the  abforption  of  oxigene 
from  die  atmofphere,  by  metals ;  and  renders  the  combina- 
tion of  this  principle  with  thefe  combuftible  bodies,  more  fo- 
H  than  it  would  otherwife  be. 

VI.  While  fomc  metals  burn  in  the  air,  only  at  a  very  high 
temperature, — fuch  as  gold,  filver,  and  platina;  there  are 
others  that  burn  at  any  temperature,  even  at  the  loweft  and 
with  the  utmeft  readtneis ;  fuch  as  manganefe  which  is  oxi- 
dated, and  crumbles  down  into  a  powder,  in  the  fpace  of  a  few 
hours,  by  the  contact  of  air  merely,  and  this  even  feveral  de- 
grees under  zero.  Some  metals,  fuch  as  iron,  copper,  lead, 
fcc.  burn  flowly,  and  in  the  courfe  of  a  few  months  in  the  air, 
cren  cold* 

VII.  All  metals  increafe  in  weight  during  this  procefr, 

which  never  takes  place  without  the  accefs  cf  air ;  and  abforb 

anew  principle  of  oxigene  from  the  atmofphere,  without  lo- 

fiog  any  thing  of  their  former  fubftance.     The  name  of  fata*' 

■alio*  formerly  given  to  this  phaenomenon,  cannot  now  be  re* 

Uiacd,  any  more  than  the  term  metallic  cakes*     The  words 
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combuJHott,  and  cvw^'c^arc  iicyw^cimpk^ed^^s^^A^ 
proccfs;  a*i*  the  phi»fe  ^a//rC'^ 

which  are  burnt,  in  lit.  ■).;,    r4     .-»   -=    -■/     ■    .  :'.-'i  -«•..  i:-*-j« 

.  VIJL  The  ooloucs  .which  ,mettb  exhibit/ asithejiborByO): 
with  which  their  flame  is  tinged,  appear. to  owe^rheiihoragia 
to  the  folution  of  metallic  particles  in  the  light  that  j»  fiifcto 
gaged:  thus  copper  affords  a  green flame, ;&cai/-  ,-jg  .it/ 

IX.  Not  on)/  do  all  metals,  compared  with  one  tgiathcty  ia 
their  combuftioft  by  the  contaft  olair,>abfci!b  di&rettfcquftn* 
titles  of  p#igef$,  in  order  to  their  iaturation  ;  but  Ukewifc 
each  metal  confidered  by  ifcfelf,  abforbs  various  proppf  tioof» 
and  ftops  at,  different  points  of  oxidation, according  .as, tfae  de- 
grees of  its  temperature  vary..  Thus  tin,  kadu  «Qpft*J> 
iron,  change  their  colour,  and  are  ftwJded  with  the.ftntpcpf 
the  rainbow* ,  at  .the  lowed  degrees  of  heat  to  which  tnejr'.are 
expofed  in  contact  with  air  ;  leadfirft  becomes. a  grey  Oj*id££ 
then  a  yellow,,  and  at  Laft  a  red  oxide  ;  mercury  paffes  .from 
black  to.  white,  from  white  to  yellow,  from  yellow  to  red  J 
iron  at  fiift  a  black  oxide,  becomes  next  a  green,  thean* 
Jjrown,  and  at  laft  a  white  oxide ;  copper  is  fir  ft  a  brown  opride, 
then  a  blue,  and  in  its  laft  degree  of  pxidation,  takes  a  green 
colour.       „  ■         j 

X.  The  metals  differ  all  from  one  another,  in  their,  attrac- 
tions for  oxigene.   There  are  fome,  which  light,  almoft  alone, 
and  witfi  very  little  caloric,  is  able  to  deprive  of  their  oxi- 
gene,  fuch  as  gold,  filver,  &c.     Others  require  in  order  to 
feparatc  the  oxigene,  a. great  degree  of  heat,  and  much  light; 
fuch. as  mercury,  Laitly,  moft  metallic  oxides  do  not  yield  their 
oxigenc  to  caloric  and  light  alone,  and  unaffiiled  by  other  mat- 
ters-    To  decompofe  thefe  laft  oxides,  they  are  heated  with 
xharcoal  which  deprives  them  of  their  oxigene. 

XI.  In  oonfequence  like  wife  of  this  diveriity  in  the  attrac- 
tions of  the  metals  for  oxigene,  fame  metals  will  abftraft  the 
oxigene*  from  the  , oxides  of  other  metals  ;  almoft  any  other- 
metal  ;detaches..oxigeuc, frpm .gold? or  filver.;.  copper. detaches 
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feiftmte  wtKMMjf  An&from  copper,  fee,  Thefe  attractions 
ate  not,**  yet,  «U  well  known.  What  we  do  know  of  thorn, 
indicates  the  following  to  be  the  order  of  the  acfraftiob*  of 
me(e  Several  mstab  Jar  oxigt&s ;  -  beginning  witb  that  which 
kibe  ffcroogeft  ;  manganeie,  tka^  iron,  tin,  copper,  mercury, 

XII.  Several  metals  decompose  water ;  a*d4ccoflfpli(k  this 
feflMth  the  memfttfibfy  «v  rapidly  in  proportion  as  Aeir 
tangeMCava-  is  htgber  (  becaafe  then1  the  great  quantity  «of 
tfevatorieemployed,  more  powerfully'  attra&s  and  dHTohre* 
te  hyfeogene.  Th  us  to*  deoompofe$  water  with  great  ener- 
gy, at  a  white-red  heat  ?  hot  cannot  effeft  the  fame  decom- 
paction ofherwifc  than- very  (lowly  at  even  the  higheft  tem* 
petatnre  of  the  armbfphere. 

'  X{II.  Iron,  zinc,  tin,  antimony  appear  to  be  capable  of  de- 
empofing  water.  Probably;  manganefe,  and  even  forae  other 
metallic  fubftanees  are  equally  capable  of  accomplishing  the 
GmeeSSeAs*  Thigdecompofition  is  owing  to  an  attraction  in  the 
metal  for  oxigene,  ftronger  than  that  of  oxigene  for  hydro  gene; 
«rf  in  confequence,  the  oxides  of  thofe  metals  which  do  -hot  de- 
totapofe  water,  are  liable  to  be  wholly  decompnfed  by  hy3ro« 
genc.  But  here  we  mult  dift.inguifh  among  the  different  de- 
fies of  oxidation:  for  oxide  of  iron  highly  oxidated,  namely 
to  a  brown  colour,  is  partly  decompofed  by  hydrogene,  and 
ttftored  to  the  ftate  of  a  Hack  oxide  ;  as  iron  abftrads  oxi- 
gene from  water  only  till  it  be  oxidated  black  :  Beyond  this 
&He  of  oxidation,  iron  is  unable  to  decompofe  water. 

XIV.  All  metals  capable  of  decompefim*  water,  effect  this 
fecompofition  much  more  eafily  arid  entirely,  when  they 
«e  aided  by  the  contact  of  a  body  that  has  a  great  tendency 
to  combine  with  their  oxides.  It  often  happens,  even  that 
***&,  like  other  combuftible  bodies,  which  would  not  alone 
^compofe  water,  become  capable  of  effecting  this  dccoro£ofi- 
*ftn,  in  confeqnence  of  the  prefence  of  fome  otlier  fubftanees, 
*iich  ad  by  a  difpofing  affinity.  Thus  the  prefence  of  acids, 

xen&tts 


tenders  almoft  all  metals  ctf  *Meo£eflb&ing  ttedecompd&ti&i 
of water*  *  .■..>■•■. - ---••■; i ?-j   ,-.: 

XV.  Metallic  oxides,  have  that  peculiar  ktheit  conAfruu 
iions,  that  they  fcem  tfc\pcrform  the fua&ioni  of  alkali*  or  ot 
terrene  and  alkaline  ba&sy  in  fdpeft  t»the  acids  *  although 
they*  be,  on  the  other  head*  capdfclc  of  ooenhimng  witfe  earths 
and  alkalis,  as  ifehcy  wefe  acids.  •  These  are  indoed  fewer  of 
thofe  oxides  that  incline  to  aft  tbejtfrbof  acidsi  thsn4f tbab 
which  are  fitter  for  bbfea  to  ctanpound  fidts  ;  and  itiaohfcf* 
Wd,  ia  general*  that  the  oxides  to  which  oxigeae  adhere*  thi 
mod  tcimciotifty,  are tbofe  which  fa&srafie  alkaHs iftftbtoiaa* 
fcer  of  acids  j— fuck  a*  the  oxides  of  antimony*  iead^inxvand 
manganefe;  It  has  been  already  related  in  the  VL  ehbptag} 
that  there  are  three  metals  a&ually  actdifiaUe. 

XVI.  The  metab  canntit  be  difioLved  by  the  acids,  withonft 
being  previoufly  oxidated*  On  this  account*  metallic  etxidca 
Soluble  in  acids,  diffolve  in  them  (lowly  and  without  e&rrefit 
cence :  but  metals  are  not  Soluble  in  the  fame  m*nftru%  with* 
out  movement  and  efffervcfccnce* . 

XVII.  The  cffervefcence  produced  fey  the  folution  of  me* 
ttiis*  i^  owing  to  this  caufe,  that  when  they  abforb  the  oxtgene* 
they  detach  it  from  a  principle  which  then  afiumes  the  farm 
qf  a  gas  or  elaftic  fluid.  Tins  principle  proceeds  either  front 
water  or  acids,  according  as  the  one  or  the  other  of  thtfe  h 
the  fubftance  deeompofed.  Sometimes  it  originates  from  both 
thefe  bodies  at  once ;  and  then  they  are  both  deeompofed  bj 
the  metal  together. 

XVIII.  The  fulphurie  acid  thus  deeompofed  by  metals,  if 
it  be  concentrated,  yields  fulphoreeus  gas :  Nitric  acid*  upe# 
die  fame  occafion  yields  nitrous  gas. 

XIX.  The  fulphurie  acid,  diluted  in  water,  greatly  pro* 
moting  the  decompofition  of  the  water  by  metals,  yields,  ia 
this 'cafe,  gas  hydrogene.  Solutions  of  zinc  and  irda  in  the 
aqueous  fulphurie  acid,  aft  chiefly  in  this  way.     The  phofc 


fko&smto  dshib its  withrtettd**  nearly  the  fame  phwiomena, 
to  the  fulphuric  acid. 

*.  S&Shtiiitrk  asidi*  tot  inly  <kcoainofed by  various  me- 
*bf  faat^evto  finite*  the  Water  in  which  k  is  diluted' to  be 
turn utrfipl  tt  rhn  Bit  tsnjtens  itfelf-  it  order  to  this  it  is 
mmg^  tftuor  tW  aeetal  £&dvrd  in  ibeiftdd*  be  cxtiemery 
pealy  xhfrmriy  nt y  as  i*  tin.  -  The  hydregene  of  the  watery  is 
Ab  t*fc,  combining  with  die  azote  of  the  nitric  acid,  forms 
aoiianimtf*  andheaeethefcftfa^  gas,  bat  are 

fattl-to-  ooatam  aminoniaoal  nitrate.    From  thkit  may  be 
how  moft  foitttioos'  of  white  metals  in  nitric  acid; 
to  afibrd  vapours  of  ainmoniac,  when  quicklime  is  caft 


XXI.  The  muriatic  acid  not  being  fnfceptibie  of  deconipo* 
idouby  emnbnAible  bodied,  can  by  itfelf  diflblve,  but  few 
mtdKe  fubftances.  It  ads'  only  on  thole  metals  which  at* 
fcgseady  of  oxigomey  as  to  decompofe  the  water  in  which  it 
iifiomL  While  metals  are  diflblved  by  the- muriatic  acid* 
Acre  is  always  a  eonfideraUe  quantity  of  hydrogenous  gas  dif- 

XXIL  Not  only  is  the  muriatic  acid  uofufbeptible  of  do-' 
amaafirion  by  the  metals  ;  bnt  it  pufiefles  likewife  the  pro- 
r*ty  of  ahferbiog  osgene  from  almoft  all  metallic  oxides* 
hptfies  upon  this  into  the  ftate  of  oxigenatcd  muriatic  acid* 
Teas  attrafiion  for  oaugene  does  this  metal  owe  the  proper- 
If  it  policies  of  difiblving  metallic  oxides  with  facility  :  and 
it  u  on  this  account  employed  fuccefsfulVy  to  diflblve  oxide 
rfiroa  on  which  the  other  acids  do  not  aA.  If  metallic  oxides 
fcpevfatiuated  with  oxigene  be  diflblved  in  mnriatic  acid,  the? 
*id  rffervefces  ;  a  part  of  it  then  paffing  into  the  ftate  of 
•ngcated  mnriatic  acid  gas*  If  thefe  oxides  be  oxigenatcd 
■dj  to  that  degree  which  is  reqnifite  for  their  combination 
*idi  thef  acid,  they  will  then  diflblve  without  emotion,  and 
'ttbotdferYdcence,  as  fak  or  fugar  in  water. 

XXIII. 


*jS  Oxidation  and  StlttHon  cfMttalh 

XXIII.  The  boratic  and  fluoric  adds  combine  but  we'afefy 
with  metallic  oxides.  They  are  incapable  of  diffolvirig  pure 
metals,  becaufe  they  are  not  decomposable  by  thefcbodfes.'  Yet 
with  water,  they  produce  the  oxidation  of  thofe  thetale  tohich 
have  the  ftrongeft  affinity  for  oxigehe.  The  fame  is  the  cafe 
with  the  carbonic  acid,  which  combines  readily  wittrtnoft 
metallic  oxides,  and  in  nature  is  often  found  in  union  with 
them.    "-    ■  i!    '  *  ■      • 

XXIV.  The  metallic  acids'  are1  eafily  decompofed'Tjjrthe 
mod  combuftible  of  the  metals.  They  cbmbine  Teadily 
with  the  oxides;  and  in  nature,  are  often  found  thus  com- 
bined.       v  ..    ■      ,.  u.  j     .      ,  i 

XXV.  The  vegetable  and  animal  acids,  which  have  radi* 
cals  compofed  of  hydrogene  and  carbone,  are  not  decomposed 
by  the  metals,  but  render  water  highly  decompofable  by  thelft 
bodies  ;  and  combine  in  a  ftate  of  fuffieient  folidtty,  with  the 
metallic  oxides.  Several  of  them,  reduce  thefe  oxides  to  th* 
ftate  of  metals.  '  ' 

XXVI.  The  metallic  oxides  cannot  combine  with  acid*,  dr 
remain  in  union  with  them,  unlefs  in  confequence  of  contain* 
ing  certain  determinate  proportions  of  oxigehe.  Under  thefe 
proportions,  the  combination  cannot  take  place  ;  if  *he  xlue 
proportions  be  exceeded,  the  fubftances  combined,  cannot  te» 
main  in  union.     '  "■  -«    • 

XXVII.  Befide  this  general  trutn  j  there  is  another  of  the 
fame  order,  which  relates  to  each  metal  and  each  acid1  in  par- 
ticular. And  this  is,  that  the  acid  and  metal  cannot  remain  in 
union,  othcrwife  than  within  the  often  ftraitened  limits  of  oxi- 
dation. There  is  a  determinate  proportion  of  oxigene  in  thfc 
combination  of  an  acid  with  a  metallic  oxide.  -  -' ,: 

XXVIII.  It  is  in  virtue  of  this  law,  that  metallic  folutfons 
expo  fed  to  the  air,  yield  a  precipitate,  and  become  ttfrwd,  in 
proportion  as  the  metallic  oxide'  abforbing  oxigetie  frote 
the  atmofphcre,  becomes  gradually  infoluble  in  the  acii 
This  is  the  ratio  of  thofe  decotnpofitiori*  which  are  accota- 

plifbed 


Oxidation  and  Solution  of  Metal V.  j  7 

p&Jhed  bj  Che  atmofphere,  upon  moll  metallic  ftilpfaotes  and 
nitrates. 

XXIX.  Nay  it  often  happens,  that  metallic  oxides  difiqlved 
n  acids*  gradually  re -ad  upon  thefe  falts,  and  abftrad  from 
them,  even  in  dofe  veflels,  and  in  contact  with  air,  a  portion 
q£  their  oxigene,  fo  that  the  oxide  is  fbon  feparated  from  the 
acid,  and  is  precipitated  to  the  bottom  of  the  folutioo. 

XXX  Heat  is  Angularly  favourable  to  this  fucceffive  de- 
comnafition  of  acids  by  metallic  oxides.  Thus  nkric/folu- 
tfflas  become  turbid,  or  more  and  more  decompofable,  by  the 
action  of  air  and  water,  if  they  be  at  the  fame  time  heated. 
This  is  particularly  remarkable  in  the  cafe  of  the  nitric  fo* 
latum  of  merenry. 

XXXL  Some  metals  have  fo  great  a  tendency  to  oxidation 
ky  acids,  that  they  can. neither  remain  in  union  with  them, 
atr  yet  form  permanent  faiutions.  Such  are,  particularly 
thefe  which  poflefs  the  property  of  becoming  acid  or  forming 
oxides  fufceptible  of  combination  with  alkalis  ;  arfenic,  tung~ 
flea,  notybdena,  antimony,  tin,  iron,  &c.  Solutions  of.  thefe 
netab,  in  nitric  acid  efpecially,  are  always  charged  with  pre- 
ripitates,  and  contain  little  or  no  metallic  oxide. 

XXXII.  From  thefe  fads  it  appears,  that,  in  order  to  form 
aetallic  fairs,  the  metallic  oxides  mult  remain  permanently 
is  union  with  the  acids,  without  having  any  tendency  to  fe- 
ptration.  It  is  alfo  Decenary,  that  care  be  taken  not  to  aug- 
acst  their  affinity  for  oxigene ;  and  to  avoid  bringing  this 
principle  into  contaft  with  them.   ■ 

XXXIIL  Compound  metallic  fairs  always,  or  almoft  always, 
poftcrfs  an  excels  of  acid.  They  are  otherwile,  all  more  or 
Ms  acrid  and  corrofive  ;  which  fhews  that  almoft  all  metallic 
oxides  have  a  tendency  to  become  acid*  ■  - 

XXXiV.  Thofe  properties  of  metallic  falts  which  it  is  of 
coofcqaence-fbr  us  to  know,  may  be  reduced  under  the  fol- 
lowing beads.  1.  Form  and  its  varieties  ;  2.  Tafte  and  cau- 
fttkyj  more  or  let  confiderable ;   3,  Alteration  by  light ; 
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4.  Fofion,  deficeatkm,  decomposition  more  or  left  ptrfed,  hf 
caloric;  5.  Delifpiefcence, efflorefcence, or  decompofition, t&br* 
drlefs  entire,  by  means  of  air ;  jS.  Solubility  in  water,  hoft 
or  cold,  decompofition  more  or  lefts  thorough,  by  pure  Water, 
Sec.;   7.  Decompofition  by  alkalis  arid  earths,  the  fiato**  *f 

* 

precipitated  metallic  oxides,  the  complete  precipitatltaor  for* 
mation  of  triple  falts,  partly  -alkaline  or  terrene,  and  in  part 
metallic ;  8.  The  alteration  of  precipitated  metafile  oxides  it 
the  moment  of  their  precipitation,  either  by  air;  or  by  th* 
pature  of  the  alkali  employed,  as  in  the  cafe  of  ammoniac ; 
9.  Reciprocal  alteration  by  different  acids,  decompofition  or 
the  contrary,  attraction  qf  acids  by  metallic  oxides,  the  changes 
p{  oxides  which  are  diftinguifliable  by  their  colours ;  to.  Al- 
teration by  the  neutral  falts,  terrene  or  alkaline,  which  ex- 
hibit either  an  union  without  decompofition,  pr  a  double  de- 
compoiition ;  11.  The  reciprocal  aftion  of  metallic  falts  upoq 
one  another,  which  difplays  either  a  fimple  union,  of  a  £mple 
change  of  bafes  by  the  acids,  or  a  ohange  in  the  combination 
of  the  oxigene  by  which  the  two  oxides  are  precipitated  ;—- 
the  one  partially  de-oxidated ;  the  other  fuper-oxidated ,— * 
and  fuch  for  inftance,  is  that  ufeful  precipitation  of  the  mu- 
riatic folution  of  gold  by  the  muriatic  folution  of  tin,  which 
furnifhes  the  purple  precipitate  of  Cafftus  ,-  12.  Union  with 
the  terrene  or  alkaline  fulphures,  and  the  formation  of  the 
different  forts  of  fulphureous  ores. 
XXXV.  Metallic  oxides  differ  from  one  another  in  the  degrees 
of  their  affinity  with  acids ;  fo  that  fome  of  them  may  be  em- 
ployed to  decompofe  the  combinations  of  others.  But  above 
all,  the  varying  affinities  of  the  metals  with  oxigene,  a£t  as 
the  principal  caufe  of  the  phenomena  of  the  precipitation  of 
metallic  folutions :  Thus  different  metals,  while  they  take 
away  the  oxigene  from  other  metals  diffolved  in  acids,  caufe 
thefe  laft,  to  appear  again  in  the  metallic  form ;  as  copper, 
for  inftance,  does  with  mercury,  mercury  with  filver,  iroa 
with  copper,  zinc  with  iron,  £u\     Sometimes  the  metals  do 


Oxidation  ami  jtftftt*  of  Metals*  *q 

4ttBcb  all  tile  exigent  from  the  metallic  oxides  diilblve4 
in  tbe  acUb*  This  happens  when  the  precipitating  metals  <|o 
Mt  require  all  the  oxigane^  of  the  metals  in  folutioo;  Thnf 
tb^  when  precipitating  oxide  of  gold,  does  not  abforb  all  tl* 
grgrpr,  which  that  oxide  contained,  bat  f offers  the  gold  to  bo 
precipitated  in  a  particular  ftatc  of  oxidation.  Metallic  oxide* 
vfacn  they  thus  ihare  the  axigene  between  them  in  new  pray 
partialis,  are  precipitated  with  properties  that  deferve  to  bf 
better  observed,  than  they  have  hitherto  been. 

• 
JfolicQtim  of  tbe  general  faEU  in  this  chapter. 

Preparation  of  all  the  metallic  oxides  ufed  in  the  arts. 

Coloured  glafies,  enamels. 

Metallic  fidts  nfeful  in  the  arts. 

Effiefts  of  thefe  falts  in  the  arts  in  which  they  are  em» 
ployed* 

Solutions,  and  partings  of  metals. 

Precipitation  of  metallic  oxides  by  earths  and  alkalis. 
Thefe  applications  are  in  general  fo  various  and  fo  uiefdl, 
Aat  they  cannot  be  explained  in  detail,  elfewhere  than  under 
(be  particular  hiftory  of  each  different  ipetal. 
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T.  THOSE  matters  which  compofe  the  texture  of  vege- 
tables, differ  from  mineral  fubftances,  in  being  of  an  order  of 
compofition  which  is  more  complex,  and  in  being  all  highly 
fufceptible  of  decompofition  or  analyfis,  while  none  of  them  if 
fufceptible  of  fynthefis.  "  \ 

II.  Only  the  fubftantial  contexture  of  living  vegetables,  on- 
ly their  vegetative  organs — can  form  thofe  matters  which  are 
extra&cd  from  them ;  no  inftrument  of  art  is  capable  of  imi- 
tating  thofe  competitions  that  are  continually  effefted  in  the 
organized  frames  of  plants. 

III.  Although  it  be  with  four  or  five  natural  fubftances,  ca- 
loric, light,  water,  air,  and  carbone,  extraded  from  the  re- 
mains of  plants,  which  have  been  crumbled  down  and  blended 
in  the  foil ;  that  vegetables  elaborate  all  the  materials  of 
which  their  contexture  is  formed ;  yet,  do  we  find  a  wonder- 
ful variety  of  properties  in  thefe  materials.  We  may,  how- 
ever reduce  all  thefe  properties  to  a  certain  number  of  heads, 
under  the  name  of  the  immediate  principles  of  plant*  ;  becaufe 
tliefe  principles  are  obtained  by  fimple  proceffes,  almoft  eritire- 
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\j  mechanical,  and  by  a  fort  of  immediate  analyfis  that  pro- 
duces no  alteration  of  their  nature. 

IV.  llRfe  matters,  being  more  or  lefs  compound,  are  lod- 
ged in  particular  organs,  or  in  diftind  veficls  or  cells,  &c. 
Swf files  their  feat  is  in  the  root  or  in  the  ftem,  in  the  bark 
aad  the  leaves  all  together :  At  other  times,  on  the  contrary, 
only  the  flowers,  fruits,  or  feeds,  and  even  fome  particular 
puts  of  thefe  organs,  contain  the  immediate  principles.   This 
nrying  fituation  of  thefe  immediate  principles,  fhews  the 
differences  in  the  organization  of  the  texture  to  be  the  caufe 
of  that  diverfity  of  nature  which  each  of  thefe  matters  dis- 
plays. 

V.  The  different  place  occupied  by  each  of  the  different 
materials  of  vegetables,  is  often  fuch  as  to  permit  us  eafily  to 
obtain  them  pure  and  feparate.  Where  fuch  a  diftribution 
tikes  place,  it  is  Sufficient  to  bruife  or  open  the  veffels  or 
odb  containing  the  immediate  principles,  to  open  them,  or 
toiqneeze  out  the  liquid  juices.  Nature,  by  the  fole  force 
of  vegetation,  often  prefents  this  reparation  already  effected, 
01  the  outfide  of  plants.  Thus  manna,  gum,  refins,  &c.  flow 
Jfoataneoufly.  Art  is  often  obliged  to  feparate  fome  of  thefe 
aofriials  from  the  confufion  in  which  they  are  mingled  and 
mited  with  various  other  matters*  The  means  ihe  employs 
for  this,  are  ufually  fimple,  and  eafily  pra&ifed  ;  fuch  as  reft, 
filtration,  preffure,  waiting,  diftillation  by  a  gentle  hear,  none 
of  which,  alters  the  fubftances  fubjecled  to  it. 

Vh  Among  the  materials  which  compofc  the  frame  of  ve- 
getable bodiasj  which  are  obtained  from  them  by  fimple 
■tans  that  alter  not  their  nature  f  and  which  are  either 
hid  or  fblid^  may  be  reckoned  the  following  fubftances. 

i.  jljhe  extractive  matter,  or  extracl. 
2p  The  mucous  matter,  or  mucilage. 

4.  Eflt dial  bits. 
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5.  Filed  oil. 

6.  Volatile  oil;  *■ 

1 

7.  Aroma. 

8.  Camphor. 

9.  Refin.  ■  .1    ..  ■ 
zo.  Balfam. 

xi.  Gum  i*cfin: 
ii.  Feculum. 

13.  Gluten.     . 

14.  Colouring  matter. 

15.  Gum  elaftic. 

i<S.  The  ligneous  part. 

Befide  thefe  fixteen  principles,  there  is  found  in  the  an* 
Tyfis  of  vegetables,  a  fubffance  refembling  the  albumen  in  tl 
animal  kingdom.  It  is  probable  that  there  are  fevetal  othi 
vegetable  principles  ftill  unknown  j.  fuch  as  the  matter  tvhic 
fcrves  for  tanning  hides,  &c. 

VII.  k  is  proper,  that  the  reader  here  fully  underftaxu 
that,  when  aH  the  fitfis  in  the  analyfis  of  vegetables,  have  Bee 
reduced  to  general  terms  or  leading  refults  ;  there  has  bee 
nothing  more  found  in  any  of  all  the  plants  hitherto  en 
mined,  but  the  foregoing  eighteen  fubftances.  Thefe  a&uall 
compofe  the  contexture  and  fabric  of  all  known  vegetables 
and  when  thefe  are  feparated  from  any  vegetable,  that  veg< 
table  is  very  accurately  analyfed.  Yet,  we  are  not  to  fuj 
pofe,  that  thefe  eighteen  immediate  materials  exfft  in  all  th 
different  parts  of  Vegetables,  or  even  in  every  different  vegt 
table.  Some  plants,  out  of  all  their  parts,  afford  not  even  1 
many  as  five  or  fix  of  thefe  materials  ;  others  contain  eight  e 
nine  of  them  ;  fome  yield' them  all.  But,  fuppofing,  that  w 
could  mix  together,  and  confound,  even  chemically,  all  thai 
plants  which  are  fubjefted  to  any  chemical  procefics ;  th 
mixture,  however  feemingly  various,  would  not  exhibit  mor 
Uian  the  fixteen  or  eighteen  fubftances  above  enumerated,  a 
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the  refults  of  the  moft  exact,  and  elaborate  analyfis.  Vege- 
tables may  therefore  be  faid  to  be  formed  of  thole  immediate 
materials. 

VIII.  Each  of  the  materials  above  mentioned,  poffcfles  pe- 
culiar diftmcrive  properties,  from  among  which  we  muft  fe- 
ted thofc  which  may  the  beft  mark  their  different  characters, 
and  difcriminate  them,  one  from  another.    It  is  not  impoffible 
to  handle  this  fubjed  in  the  manner  of  the  boranifb  ;  ufing 
bat  one  chara&eriftJc  or  fpecific  phrafe,  to  diftinguiih  each 
of  the  materials  of  which  we  fpeak.     Although  this  method 
bare  not  as  jet  been  either  propofed  or  executed  in  chemi- 
ftry ;  we  {hall  endeavour  .to  give  a  (ketch  of  it  in  the  fubfe- 
qoent  fedions ;  as  has  been  already  done  in  the  cafe  of  the 
•cids,  and  the  compound  falti. 

Characters  of  the  immediate  materials  of  vegetables. 

DL  Extractive  matter  or  extra  61,  is  a  dry,  brown  matter,  forte* 
tobat  ncKqnefcent,  foloble  in  water ;  is  obtained  from  the  in- 
(piflated  juices  of  vegetables,  from  infufions,  and  from  decoc- 
tins  evaporated  ;  yields  by  diftillation,  an  acid,  a  little  am- 
nomae,  and  fome  oil 5  abforbs  oxigene  from  the  atmofphere, 
sad  becomes  gradually  infolnble,  in  confequerjce  of  this  stb- 
fmpaan  ;  is  erroneoufly  regarded  as  a  natural  foap ;  is  com* 
pounded  of  carbonr,  hydrogene,  azote,  and  oxigene,  and  has 
always  a  tendency  to  abforb  more  of  this  laft  principle,  thrm 
it  contained  in  its  primitive  (bate. 

X.  Mwcams  matter  or  mucilage,  is  a  glutinous,-  vifcid,  infi»*id 
fiWhnce,  which  yields  pyro-mucous  acid  by  diftillation  ;  is 
ttafak  in  water  cold  or  hot ;  does  not  abforb  oxigene  from  the 
ttoofphere;  becomes  dry  and  brittle  in  the  form  of  gum; 
ttifts  in  the  roots,  the  young  twigs,  and  the -leaves ;  is  obtain- 
d  by  expreflkm  from  the  bark  of  trees  ;  conneftr  their  fibres 
together  as  they  grow. 
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XI.  Siigar9  is  of  an  agreeable,  pungent  taftc,  cryflallizablej 
foluble,  fermentible,  in  all  refpe&s  very  like  to  mucilage, 
but  differing  in  its  fufceptibility  of  fermentation,  and  of  form- 
iog  alcohol.  Mucilage  and  fugar  are  both  compounds  of  car- 
bone,  hydrogene,  and  ox i gene  ;  and  they  differ  from  extract  j 
i.  In  having  a  fmaller  proportion  of  hydrogene ; — p  cppfe- 
quenceof  .which,,  they  do  not,  like  extracl,  abforb  oxigene 
from  the  atmofpherc :  2.  In  being  deftitute  of  azote,  owing 
tp  which*  they,  yield  no  ammoniac  by  diiliilation. 
.  XI  I*  EJJintjal fait,  comprehends  the  vegetable  acids  which 
are  in  general  formed  of  hydrogene  and  carbone  more  copi- 
oufly  oxigepatedAthau  \rx  the  three  foregoing  ingredients  :  and 
in  confcquence  of  this,  the  addition  of  cxigene  to  thpfe  ingre- 
dients, converts  them  into  acids.  The  vegetable  acids,  in 
whatever  number  they  may  be,  appear  to  differ  from  one 
another  in  nothing,  five  the  proportions  of  their  three  prin- 
ciples. They  are  all  decompofablc  by  fire,  and  fufceptible  of 
mutual  converfion  into  qne  another  j  and  in  an  ultimate  ana- 
lysis, they  are  al)  reducible  upon  the  addition  of  oxigene,  to 
•Water  and  carbnjc  acid.     (See  title  VII.) 

XIII.  Fixed  oil,  was  formerly  named  fat  oils  is  thick, 
mild,  inodorous  ;  burns  when  volatilized  ;  forms  foaps  with 
the  cauftic  alkalis ;  is  mixed  with  a  mucilage  which  Scheele 
calls  the  ntU4  principle  of  ails  ,*  is  thickened  and  concreted 
by  the  contact  of  air,  and  the  abforption  of  oxigene  ;  fuffers 
the  fame  effects  from  acids  and  metallic  oxides  ;  is  compound- 
ed of  carbone,  hydrogene,  and  a  finall  proportion  of  oxigene. 
\t  differs  from,  the  preceding  compounds,  in  poffeffing  a  larger 
.gpopprtion  of  hydrogene.  Hence  its  combustibility,  and  ten- 
dency to  change  into  water  and  carbonic  acid,  when  it  is  burnt 
"with  a,fuflScient  quantity  of  air  ;  as  in  matches  which  are 
holipw,  ,ao4.furcQunded  on  all  fides  with  air  ;  forming  lamps 
With  an  jnterjor, cur  rent  of  air. 

,  XI V*  Volatile,  qil,  .called   alfo  ijjlntial  oil,  and  ejfince,  is 
acrid,  b.igtrfy ,  borate,  wfypll y  reducible  to  vapour  at  Ac 

heat 
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beat  of  212°  F.;  does  not  readily  combine  with  alkalis  ;  is 
inflammable  bj  acids  ;  is  infpififated  by  oxigene  to  a  re  (in  ; 
barns  more  rapidly  than  fixed  oil,  and  affords  more  water  ; 
fufers  an  eafier  precipitation  of  its  charcoal,  which  then  forms 
kmp-  black. 

XV.  Aroma,  otherwife  called  fpiritus  reOor,  is  a  very  vo- 
latile principle,  reducible  to  vapour  by  the  heat  of  the  atmo- 
sphere, and  forming  a  peculiar  atmofphere  around  plants ; 
diftillarion  of  the  plant  on  a  balneum  mari<ry  affords  the  aroma 
together  with  water ;  fome times  aroma  is  of  an  inflammable 
nature ;  it  prefents  in  other  inftances,  faline  properties ;  it 
combines  with  alcohol,  fixed  oils,  vinegar,  Sec.  and  in  thefs 
combinations,  forms  what  in  pharmacy  is  called  diftilled  water r; 
it  contributes  by  il3  pre  fence  to  the  quantity  of  volatile  oils, 
that  is  obtained  from  plants,  and  has  fo  great  a  refemblance 
to  thefe  cils,  that  the  one  has  been  often  miftaken  for  the 
•iber.  The  intimate  nature  of  aroma  is  not  yet  exactly 
known.  We  begin  to  think,  that  it  may  be  a  peculiar  fob- 
ftance,?.  folitary  principle  difengaged  from  vegetable  matters ; 
tfhile  thefe  matters  themfelves  are  at  the  fame  time,  entirely 
reduced  to  vapour. 

XVi.  Camphor ,  is  a  matter  now  known  to  ex i ft  in  many 
regetables  ;  is  to  be  reckoned  one  of  their  immediate  prin- 
ciples ;  is  of  a  concrete  and  cryflalline  form,  highly  volatile, 
combuflibls  with  fmoke,  foluble  in  a  great  quantity  of  water, 
in  alcohol,  and  in  aether ;  exifts  in  many  volatile  oils  ;  is  con- 
tuned,  in  purity,  in  the  trunk  and  leaves -of  a  fort  cf  laurel 
from  which  it  is  ordinarily  obtained  ;  is  very  little  known,  as 
to  its  intimate  nature ;  forms  with  nitric  acid,  a  new  and  pe- 
culiar acid. 

XVII.  Refin,  is  a  matter,  foft  or  dry,  fcarcely  odorate,  com- 
fallible,  foluble  in  alcohol,  but  not  in  water  ;  fcarcely  alter- 
able by  acids,  hardly  fufceptible  of  union  with  alkalis  ;  is  ob- 
tained from  an  infpiflated  volatile  oil,  from  which  it  feems  to 
differ  only  in  poflcfling  a  larger  proportion  of  oxigene. 
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XVIIL  Balfam,  is  refm  combined  with  benzoic  acid,  more 
highly  odorate  than  pure  refin  ;  is  deprived  of  its  concrete 
acid  by  the  a&ion  of  fire  and  water ;  yields  this  acid  tcf 
earths  and  alkalis  ,  becomes  after  the  lofs  of  the  acid,  not  On- 
like  to  refin. 

XIX.  Gum*refin9  is  a  concrete  juice,  partly  folable  in  wa- 
ter ;  forms  with  water,  a  fort  of  erriulfion  as  well  as  with  vi- 
pegar,  which  has  been  fuppofed  to  be  its  univerfal  folvent ;  is 
more  iblubfe  in  alcohol ;  does  not  flow  naturally,  like  refin, 
frotn  vegetables,  but  is  obtained  from  their  veffels  bruifed, 
in  the  form  of  a  white  or  varioufly  coloured  juice,  of  a  foetid 
odour,  more  or  lefs  refembling  that  of  garlic. 

XX.  Feculum,  is  a  pulverulent,  dry,  white,  infipid,  com* 
bultible  matter ;  yields  by  diftillation,  a  large  proportion  of 
pyro-mucous  acid ;  is  foluble  in  boiling  water ;  forms  with 
this  liquid,  a  jelly  ;  is  convertible  into  oxalic  and  malic  acid 
by  the  a&ion  of  the  nitric  acid ;  cxifts  in  all  the  white  and 
brittle  matters  of  vegetables,  particularly  in  tuberculous 
roots,  and  in  the  grains  of  gramineous  plants ;  forms  the  bafis 
of  the  nourifhment  of  animals ;  and  is  difpofed  to  become 
with  fufficient  rapidity,  a  component  principle  of  their 
bodies. 

XXI.  Gluten,  is  a  fubftance,  elaftic,  du&ile,  feemingly  fi- 
brous or  membraneous,  infoluble  ia  water,  (lightly  foluble  in 
alcohol ;  yields  by  diftillation  a  large  proportion  of  ammo- 
niac ;  is  putrefiable  like  an  animal  fubftance ;  takes  like  ani- 
mal fubftances,  a  yellow  colour,  upon  the  contaft  of  nitric 
acid ;  is  convertible  by  nitric  acid  into  oxalic  acid  ;  and  ex- 
ifting  particularly  in  the  flour  of  wheat,  forms  the  difference 
between  this  and  flour  of  other  grains,  by  giving  to  the  for-» 
xner,  the  property  of  compofing  a  pafte. 

XXII.  Colouring  matter,  goes  always  along  with  tfce  one 
or  the  other  of  the  preceding  materials ;  appears  to  vary 
in  its  nature, — being  fometimes  foluble  in  water,  and  foffie* 
timea  fubjeft  only  to  the  aftion  of  alkalis,  oils,  or  alcohol ; 
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its  divcrJ]£cd  properties  to  different  quantities  p£qfci- 
genc  fi$ed  in  it  5  has  an  affinity  for  combination  witty  aljVr 
nines  oxide  of  tin,  &c .  is  capable  of  more  or  lefe  perfect 
mmhipfti^a  with  the  contexture  of  bodies  anugal  wd  vege- 
table. 

XXJIL  Gam-ttlq/lic,  referable*  gurn-refin  j  appears  to  exiii 
iaipany  vegetables  ;  is  remarkable  for  the  du&ility  and  da- 
ticity  which  it  retains,  when  drj  $  affords  ammoniac  by  di» 
flfllarioo  i  diffuses  a  foetid  odour  when  burnt ;  exi&a  at  firft. 
it  the  form  of  a  white,  lacteous  fluid,  and  paffes  into  the  fiats 
of  gum  elaflic  by  abforbing  oxigene  from  the  atmoijpfrere. 

XXIV.  The  ligneous  part,  or  %H>od,  a  matter  that  .has  been 
hitherto  too  much  negle&ed  by  chemifls,  forms  the  folid  bafe 
of  all  vegetables  ;  but  is  by  much  more,  copious  in  thofit 
which  are  hard^  than  in  fuch  as  are  foft ;  has  been  errpneput 
lj  regarded  as  an  earth ;  is  infoluble  in  water ;  affords  by 
filiation  that  particular  acid  which  is  called  pyro-ligneou&g 
OBotains  a  great  quantity  of  carbone ;  paffes  into  three  or 
fbor  different  acid  Hates,  by  the  a&ion  of  nitric  acid ;  appeals 
to  be  the  laft  produft  of  vegetation. 

XXV.  From  what  has  been  above  explained  concerning 
the  immediate  and  known  materials  of  vegetables,  it  follows  ; 
that  they  are  all  reducible  in  a  la&  anaiyus,  to  three  or  four 
principles,  the  principles,  the  primary  components  of  them 
all;    namely,  bydrogene,   carbone,    oxigene,   and  in    feve- 
fal  of  the  above  material*  azote ;  and  that  thole  materials 
differ  from  one  another  only  in  the  diverfity  of  the  propor- 
tions in  which  they  feveraljy  contain  the  elementary  consti- 
tuents.    But,  if  by  fimple  calculation,  we  endeavour  to  find 
the  number  of  different  compounds  that  may  tefuj.t  frprn  fuch 
combinations,  in  all  the  poffible  proportions  of  tbr^e  pr  four 
primary  {MTtociplcs,  we  (hall  find,  that  a  roucfy  greater  num# 
her  of  them  may  .eafily  exi (1.     Yet,  as .  every  Ojpe  pf,  the  ter* 
nary  or  quaternary  c^pfpfilioas  whic^.£prjn  ^e^meci^tt 
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materials  of  vegetables,  admits,  as  i«<fiouM  feem,  n  certain 
latitude,  in  the  proportions  of  its  principles  with  which  it  Will 
fttllpWtaio.  its  general  <?harafter  of  extraftive,  roucoui,  oil, 
aci/i,  .r«£p}.&so  fcc.^  ittis  natural  to  iidtay  that  the  various 
proportions  of  .the  -cjerhentary  princi  pies,  Comprehended  with-* 
in  ^qfc  .latitudes,,  anuft  determine  the  vaft/unoieafurable  va- 
riety of  colour,  fmell,  tafte,  and  confiftency,  which  is,  well 
known,  tot  diitfnguifh  'all  the  materials  of  vegetables ;  and 
wluffcis  uuiverfally  obferved  in  the  component  parts  of  thof© 
vegetable  matters'  which  are  in  common  nfe  for  hmnan  food, 
clothing,  buildings,  &c.  ,..■■//' 

X2£YI.  Upon  the  fame  confideration,  it  will  be  eafily  con- 
ceived^ that  vegetables  mud  differ  in  the  nature  and  fpeeific 
properties  of  their  materials,  according  to  the  different  pe-' 
riods  in.  the  advancement  of  their  vegetation  ;  that  they  can 
neyer  remain  long  in  the  fame  flate ;  and  that  the  diverfified 
fcenes  which  the  periods  of  germination,  foliation,  blofibming, 
fructification,  and  maturation,  the  fucceffive  aeras  of  vegetable 
life,  exhibit,  mail  neceflarily  be  accompanied  and  difcri- 
roinated  by  internal  changes,  correfponding  to  the  variation  of 
external. appearances.  Tafte  in  all  its  varieties  of  modifica- 
tion, fmell  which  is  no  lefs  variable,  and  thofe  diverfities  of 
contexture  and  confiftency  which  diftinguiih  the  different  pe- 
riods in  the  progtefs  of  vegetation,  are  fo  many  inconteftiblt 
proofs  of  this. 

XXVII.  It  is  a  new  advantage  derived  frorn  the  improve- 
ments of  modern  chemiftry ;  that  we  are  now  enabled  to  dif- 
cern  the  nature  of  the  materials  of  plants,  which  is  more 
complex  than  that  of  mineral  fubftances.  This  acquired 
knowledge  leads  us  to  an  eftimate  of  the  changes  which  ve- 
getable- matters  fufrer  from  different  chemical  agents.  We 
can  no  longer  fay  that  we  are  ignorant  of  the  manner  in 
whUh  tjie  deftru&ive  agency  of  fire  operates  upon  vegetable 
fubftances:  -  From  the  confiderations  here  dated,  it  appears, 
tbs$  when  a  vegetable,  either  entire  or  in  its  feparate  produces, 

is 
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afabmitted-to  the  action  of  fire  ;  the  caloric  tends  to  reduce 
thofe  complex  compounds  to  compound*  of  a  morefito^W 
diataflicr»  by  combining  their  principles,  by  two  and  two^'Sh 
proportions  widely  different  from  thofe  in  whiclr  they  before 
eiifted  together.     By  heating  vegetable  products  gently,  we 
difengage  Che  hydrogene  which  burns  alone,  and  leaves  a  large 
itfidne  of  carbone ;  when  they  are  ftrongly  heated,  the  car- 
bone  is  difengaged  together  with  the  hydrogene ;  both  burn 
together  in  the  air  ;  and  the  only  refidue  left,  is  a  fmall  por- 
tion of  earth  and  faks  forming  vegetable  allies. 

XXVIII.  All  the  immediate  principles  of  vegetables,  are 
then  reducible  in  an  ultimate  analyfis,  to  three  or  four  pri- 
mary principles,  namely,  hydrogene,  carbone,  oxigene,  and  4 
little  azote  in  fome  of  them  :  This  analyfis  correfponds  ac- 
curately to  the  manner  in  which  vegetables  are  nourilhed, 
grow,  fpread  out,  and  preferve  their  extftence ;  fince  We 
know  that  nothing  but  thofe  fimple  principles  is  required  to 
fopport  vegetation : — We  have  therefore  nothing  farther  to 
inreftigate,  but  the  manner  in  which  plants  appropriate  to 
thcmfclves  thefe  elements,  and  the  means  by  which  they  com- 
bine by  their  organic  functions  ; — in  order  to  enable  us  to 
form  by  compofitions,  thofe  fubftances  of  which  the  proper- 
ties have  been  explained. 

XXIX.  There  feems  to  be  no  doubt  but  that  water  affords 
the  hydrogene  of  vegetables  ;  that  they  decompofe  water  in 
their  leaves,  aided  by  the  contact  of  folar  light ;  that  they  ab- 
fcrb  the  hydrogene  of  the  decompofuton,  which  is  fixed  in 
them,  in  the  date  of  oil,  or  extra 61,  or  mucilage,  &c.;  and 
that  they  evolve  the  oxigene,  of  which  a  great  part  is  fufed 
by  light  and  caloric,  and  difengaged  into  the  ft  ate  of  vital  air. 
Bat,  a  portion  of  the  oxigene  of  the  water  thus  decompofed, 
is  at  the  fame  time  fixed  in  the  contexture  of  the  vegetable, 
and  is  retained  there,  particularly  by  the  attraction  of  the 
carbone* 

xx^. 
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.XXX.  It  is  not  fo  eafy  to  give  an  account  of  the  origin  of 
the  carbone  which  exjfts  in  vegetables.  §ome  Aaturalift* 
think  that  vegetables  decompose  carbonic  acid  at  the  fame  time 
3S  water,  and  abforb  the.  carbooe.  This  aflertion  is  vtithout 
proof ;  although  it  has  gained  new  authority  fince  the  dif- 
covery  of  the  decoropofition  bj  phofpborus  of  the  carbonic 
acid  combined  with  foda*  Other  chemifts  think,  tfyat  vege- 
table earth,  buafus,  dunghills,  and  efpecially  water  from  dung- 
hills afford  carbone  divided,  or  even  duTolved  in  wa&er  ;  that 
plants  abforb  this  principle  by  their  roots,  and  do  not  abftraft 
it  from  carbonic  acid.  According  to  this  opinion,  dung  af- 
fords nothing  but  carbone ;  and  the  water  of  the  dunghill  is 
but  a  faturated  folution  of  this  principle.  To  thefe  data 
mud  the  chemical  theory  of  vegetation  be  confined,  unti| 
it  ihall  be  enlarged  by  farther  inveftigation  and  experi- 
ment. 

Application  of  tbe  general  truths  in  the  tenth  chapter. 

Thefe  general  truths  are  applicable  to  a  very  great  variety 
of  cfefes  in  nature  and  the  arts.  They  refpeft  agriculture, 
rural  ceconomy,  pharmacy,  materia  medica,  and  all  thofe 
arts  which  are  employed  upon  vegetable  fubftances.  The 
following  are  a  few  of  the  moil  important  cafes  of  their  ap- 
plication. 

Germination. 

The  unfolding  of  the  leaves  of  vegetables. 

The  bloflbming  of  vegetables. 

Fru&ification. 

The  ripening  of  fruits  and  grains. 

The  fucceflive  formation  of  gum,  extract,  oil,  refin, 
falts,  fugar,  colouring  matter,  wood,  in  the  different 
periods  of  the  life  of  a  plant. 

The  growth  of  the  ligneous  fubftance,  of  the  bark, 

&c. 

Pharmaceutical 
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Pharmaceutical  preparations  of  juices,  extracts,  eflen- 
tial  falts,  mucilages,  oils,  refins,  gum-refins,  aromatic 
waters,  fee 

The  arts  of  the  fugar-boiler,  the  confe&iooer,  the  mil* 
ler,  die  baker,  the  (larch-maker,  the  vine-drefler,  the 
brewer,  the  diftiller,  the  varniiher,  the  djer,  the 
paper-maker,  die  indigo-maker,  the  colour-man,  the 
fiax-drefler,  the  oil-man,  the  foap-boiler,  the  perfor- 
mer, the  charcoal-burner,  fyc. 
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0/"r&*  Formation'  and  the  Nature  o/Ami&AL  Substances; 

Theory  o/"  Animalization. 


IT  is  a  certain  truth,  that  animals  cannot  fupport  their  ex- 
ifleace,  without  the  ufe  of  vegetables.  In  natural  hiftory,  it 
has  long  been  faid,  that  vegetables  are  formed  from  minerals, 
aoimali  from  vegetables.  Put  if  this  truth  have  been  long 
known  ;  yet  the  manner  in  which  thefe  bodies  are  mutually 
changed  one  into  another,  remains  Hill  unascertained.  This 
however  is  the  grand  fubjed  upon  which,  above  all  others, 
the  labours  of  the  chemift  ought  to  be  employed*  This  pro- 
blem once  folved,  we  lhall  obtain  an  exad  knowledge  of  every 
thing  refpe&ing  the  animal  oeconomy.  Modern  difcoveries 
afford  already  a  variety  of  refults  which  mull  be  ufeful  in 
thefe  important  researches. 

II.  The  fureft  means  for  refolving  this  problem,  is  undoubt- 
edly, firft,  to  discriminate  accurately  between  the  different 

j 

animal  fubftances  ;  to  compare  them  with  the  peculiar  mat- 
ters of  the  vegetable  kingdom;  and  carefully  to  examine  the 
difference  or  refembiance  fubfiiling  between  the  two  claffes. 
There  is  no  doubt,  but  ;th£t»  U  thjefe  differences  were  once 
well  known ;  we  might  then  difcovcr  the  caufes  to  which 

they  sire  owing. 

III. 
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III.  Collecting  the  refults  of  all  the  analyfes  that  have  been 
lately  made  of  the  blood  and  humours,  and  of  the  (olid  parts 
of  the  human  bodj  which  are  evidently  formed  by  the  con- 
cretion of  the  fluids  ;  we  fliall  find  the  mod  {biking  differences 
between  animal  and  vegetable  fubftances,  to  be  the  following* 

A.  The  property  in  animal  fubftances  of  affording  ammo- 
niac and  foetid  produces,  when  a£fced  upon  by  fire. 

B.  Their  property  of  putrefying  more  cafily,  and  more 
rapidly,  and  of  emiting  an  odQuxmuch  more  noifome. 

C.  Their  yielding  much  more  of  gas  azote,  when  aded  up- 
on bj  nitric  acid. 

D.  Their  contributing  in  a  lingular  manner  to  the  forma- 
tion of  nitric  acid. 

IV.  All  thefe  differences  feem  to  depend  upon  the  exiftence 
cf  a  particular  principle  which  is  azote,  in  much  greater 
abundance  in  animal  than  in  vegetable  bodies.  It  (hould  feem 
tbea,  that  the  addition  of  azote  to  vegetables,  might  fully 
affimilate  their  nature  to  that  of  animal  matters. 

V.  It  is  however  to  be  farther  obferved,  that  to  thefe  pri- 
mary and  capital  diftinBions  between  animal  and  vegetable 
fubftances,  there  are  other  particular  phenomena  to  be  added ; 
the  influence  of  which,  although,  no  doubt  fmaller  upon  the 
animal  compound  ;  is  jet,  not  to  be  negle&ed.     Such,  among 
others,  is  the  prefence  of  the  phofphoric  acid,  and  of  differ- 
tot  phofphates,  particularly  phofphates  of  foda,  lime,  and  am- 
moniac, in  animal  humours.     To  thefe  falts  is  owing  the  pe- 
culiar quality,  and  the  almoft  incombuftiUe  chancier  of  the 
coal  of  animal  matters. 

VT.  That  particular  principle  which  is  fo  copious  in  thefe 
fubftances,  and  which  efpecially  eftablifhes  the  grand  cfiftinc- 
tion  between  them  and  vegetable  fubftances,  namely,  azote; 
appears  therefore  to  be  the  efficient  caufe  of  the  properties  by 
whkh  animal  matters  are  diflinguimed ;  and  particularly  of 

that 
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gaga,  fuch  as  mas, .birds,  and  quadruped^  |>ay  4.  t  &  like. 
wife  explains  tbe  origin  of  fern*  difa}ii§*,of  the  liver,  parti- 
cular)jr-  of  biUary .ftopfts  nr  concretions* 

.XI,  Tbe  grtqfc.QtJat,  is  a  fort  of  oleag  inQva  mttter  form* 
ed  at,  tbe.  extremities,  of  the  %rteries9  at  tbe  fartheft  poflible 
diftancc  from  the  centre  of  animal  heat  and  motion ;  forms 
m  fort  of  refervmrr  in  which  that  large  quantity  of  h/drogene 
is  fisHfe  which  the  lung?  are  unable  to  evacuate  j  is.  an  oil 
combined  with  »  confidence  proportion  of  effigene,  and  con* 
taioing,  befides,  &becic  acid-  To  confider  fat  in  this  light,  is, 
a  point  Angularly  ftrikiog  in  the  chemical  pbyfiology  of  ani- 
mtla,.  ■...-..•■ 

XII*  Urim  is  an  excrementitious  fluid,  more  or  lefs  colour- 
ed, acrid  and  laline,  remarkable  for  the  great  quantity  of  110- 
combined  phofpboric  acid,  of  phofphate  ef  foda,  of  ammoniac 
and  lime  which  it  contains  $  ftill  more  remarkable  for  con- 
taining a  peculiar  acid  which  has  not  as  yet  been  found  in  the 
reft  of  tbe  animal  humours  1  and  which  is  now  named  litUc 
arid;  beoaufe  it  fbema  the  bafe  of  calculi  in  the  reinsor  blad- 
der, in  thedifcafe  called,  lithiqfis.  .■ 

Some  of  the  mod  valuable  difcoveries  of  chemiftry  refpefi 
the  urine ;  medicine  has  ftill  difcoveries  to  make  concerning 
this  excrementitious  fluid.  Conndering  it,  in  the  flrft  in- 
ftance,  as  %  lixivium  intended  by  Nature,  to  convey  out  of  the 
body,  a  great  quantity  of.  faline  matters  which  would  other- 
wife*  prove  noxious  .t6.  tbe  vital  fuu&ions  :  we  are  hence  led 
to  perceive,  in  the  next  place,  that,  in  the  urinous  evacuation; 
the  proportion  of  the  principles  will  vary  with  the  flate  of 
the  body,  and  thus  will  become  a.  fort  of  jneafure  indicating 
by  its  varying  modifications,  the  health  or  ficknefs  of  tbe  vital 
frame.  Piijficians  have  already  fuccefsfully  begun  their  ob- 
focvations  upon  this  matter,  ;  The  urine  is  to  be  regarded  as 
containing  always  the  matter  of  concretions  in  the  reins  or 
bladder*  Thcfe. concretions  require  to  their « formation,  no- 
thing but  .the  detention  of  this  matter  a  longer  time  than 
%\      2  *-  Nature 
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nine  neponoBB*     ioc  peeporaomf  e»  nraKrac  pivipm 

ibecifttfaty  obfenwAj  ea  ft  iikewife^  pfatfph**  * 
rfnfpeaded  in  k  ;  Htafch' which '^afyftrangely  in  difeafcs 
of  lite  jointa,  oj  dm  opoM  m  ofey,  end  of  the  tames. '  Of  thefe 
it^nccaraeelj  noted*  jplfol  ubfciosie  my  hmafiao'intkn 
teefpp  ifranejedaom*;  doming  feunMhem,  weW-enoateof 
mowing  the  eatere «Mbdi  diflomperij  ^ofbeWmnfayelmic 
pojpeftfctend  pothapatrf  aceompltiiing 4facincmrc  ,. ■ a.   -'it; 

X1IL  We  can  (ay  little  concerning  the  other  animal  Anile, 
lam  at  theenmonr  that  ia  tranfpiiod  from  the  pore*  ftoet, 
tmmflgfc  jnior,  therntnmen  of  the  cart,  the  mKvvthe  hn» 


tarmfr  ieB«liM h dhriria  ietre  hitherto  bean  bat  littlen  nmtiwd 
Bmj  bane,  nweejr-onej*  no  donbe,  a  pertknlar.omnpoJifion» 
<Ufaemineaeeijefjthemy£remaU  thaxeft,  in  various  points, 
rfrritByin  the  proportion  of  freer  fjginoipom.  Someofthefe 
poadales  being  fomewhat  better  known  by  modem  enperi- 
ttaev  then  the^teft,  e^ihit  e  combinatien  of  apaitwnmr 
ntrihoe  with  water,  pure  fbdaj  phofphate  of  lime, and  pho£- 
pJwaof  fad**,.  Soch  arc  tears,  the  mnens  of  fbn»eWo,  and 
^  %ernuac  fuice.  Of  thefo,  the  two  former  poficfii  the 
pr*perty-e£  beooewng  thick  by  the  contacl  of  air,  ami  thewfe. 
frptioa  elf  migear  -r which  probably  eonmitntee  the  metnritf 
of  the  hnmonra  ia  the.braia  and  lungs  incdeaofcataaeju 
laft&aiinoltahmi inhibits  the  fimmtar  phwnomenoocof  .the 
Sfffalftiif  ionaf  pholjohaii  of  timcyhfchaioo  nnknownJo  other 

3HY»  rpjifrki  jjn  d>  .win  lie  of  thpieljbtid  matters  which 
<*apcfe  the  Tarie^rmrtejtiiittof  tbedifcrcat  organs  of  am* 
ash*  we  may  dftoide  the-  fabftaneca  that  form  them  into 
*wc  jxttdpal- gtnguu.*  The  feft  n£  them  wffl  compjvtamd 
tkjbnma>Ktht  fcqmAjJm^jfrojei  e*fe]e*iixme  neuter* 
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the  third,  the  fibj-uuuor  fibrous  matter.  Of  theft  bodies  two 
hare  already  been  noticed  in  the  VIII.  fe&ion  of  this  chap- 
ter, under  the  article;  Blood.  We  {hall  hfere  briefly  mention 
thofe  pSrmanetfb  fflttenoftftena  which  are  to  be  considered  as  the 

charaderf  6f  each  of  the  genera. 

.«  .  %  ■  •    . 

FmsT  Genus. 

,**«##« i&<»ncrefciWe  b)r  heat,  by  acids,  by  oxides,  and 
in  general  by  oxigcttfe  whenever  it  is  concrete  or  nearly  con- 
crete,; is  foloMeby  alkalis;  exifts>  more  or  lefs  oandenfiedw 
oxigenated,  and  wrought  into  confiftency,  in  the  membranes, 
the  tendons*  the  fifties,  and  in  general,  in  all  white  animal 
matter?*    "■         ■  /    » 

Second  Genus. 

The  gluten ,  partakers  of  the  folidity  of  the  former  genns  in 
mod  of  the  whit*  organs ;  is  fofceptible  of  eafy  fbparation  and 
folution  by  boiling  water,  to  which  when  cooled,  it  gives  the 
form  of  a  jelly.  As  it  fortns  the  bafe,  or  the  larger  propoo> 
iion  in  all  the  white  organs  in  general^  thefe  are  fafdeptiHe 
of  more  or  lefs  perfect  fohition  in  hotting  water,  aad  form 
tranfparent  jellies  by  the  refrigeration  of  their  rotations. 

ThiHd  Genus. 

The  fibrina  is  infolubk  in  water  at  any  temperature  ;  is 
foluble  in  acids  \  contains  a  large  .proportion  of  axote ;  is  con*, 
denied,  concreted,  and  organized  in  mufctdar  fleft,  whiek  may 
be  regarded  as  the  fefervoir  of  all  the  fibrina  contained  in  the. 
blood.  Confideririg  the  mufcles  as  the  fecretory  oJrgads  of 
this  fibrous  matter  of  the  blood ;  we  may  examine  and  lib- 
ferve  all  the  modifications  of  the  quantity  or  proportion  in 
which  it  is  fixed  in  thofe  organs ;  and  may  attend  particularly 
to  that  exclufion  of  it;  which  they  feem  to  exaft  in  certain 
morbific  ftates  of  the  body,  in  old  age,  &c. 

XV.  Thefe  three  matters,  albumen,  gluten,  and  fibrina,  m 
concretions,  in  combinations  of  two  and  two,  or  three  and 

three' 
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three  together,  efpeciaUy  if  they  be  in  different  proportions, 
compote  all  the  fo&ds  of  animal  bodies.  They  are  feparatcd 
from  ear  another  by  an  eel/  tad  Ample  anelyfis.  Isieyform 
dfc>  rations  animal  fluid*,  particularly  alhnmra.  Only,  in 
thefe  laid*,  they  contain  left  oxifeoe,  move  water,  spd  are 
setae!  with  acids,  nentfal  felts,  frc  Jt  is  to  be  obferved, 
that  die  gluten  is  as  fcanty  in  the  fluids,  as  it  is  copious  in 
die  Uids :  and  feesns  therefore  to  owe  its  gelatinous  nature 
to  that  elaboration  which  it  undergoes,  when  palling  from  a, 
hid  to  a  solid  Hate.  Albans**  artificially  difibhred  by  aeids, 
sCanis  properties  analogous  to  thole  of  the  gluten. 

XVL  The  £olid»  oflCoous  fohftanee  of  dnimajs,  is  of  another 
ocfa  of  competition.  A  large  quantity  of  an  almoft  infolriblf 
terrene  fait  (phofphate  of  lime)  is  depofited  in  the  primitive 
contexture  or  parenchyma  of  the  bones.  This  if  the  yholf 
artery  of  tfre  ftryftnre  and  compofitioa  of  thefe  organs.  In 
fflafapmirr  of  this,  bones  afford  a  jelly  by  decoftion  in  water* 
tsd  yield  by  dUMflarioaya  large  proportion  of  oil  and  ammo* 
sis*  Bones  once  wefl  calcined  or  burnt,  are  after  this,  no* 
thief  sjere  than  calcareous  phofphate,  mijeed  with  fome  nor- 
Oct*  of  carbonate,  muriate,  and  phofphate  of  foda. 

XVII.  When  tbefc  preceding  animal  matters,  efpecially 
wneatbe  white  fluids  iqfpifl&fed,  or  the  white  organs,  are 
holed  with  nitric  aeid;  ths*re  is  difcngaged  from  them,  aouan* 
%,  grtatcr  or  faaDer,  of  gas  agote,  and  of  Pruffic  acid  gasj 
wfcick  appears  to  be  nothing  elfe  than  a  combination  of  azote, 
bydrogenc,  and  carbone,  with  a  frnaU  proportion  of  oxigene. 
Of  this  pDodoA,  the  gluten  yields  the  leaft ;  the  albumen, 
*^^fihrii}%tbemoft.  In  proportion  as  this  new  coxafaina- 
osarf  the  principles  of  animal  natters,  takes  place  by  means 
of  the  nitric  acid  *  thofe  ineuei*  feem  to  return  to  their  ori- 
P»l  Aate  pf  vegetable  fuh&ances  ?  from  which,  as  has  been 
curved,  they  differ  materially  in  nothing  but  in  pollening  a 
parity  of  mote*  in  haying  different  proportions  of  carbone 
•**  oydspgeae,  and  in  the  greater  cemplegity  of  the  number 

G*  of 
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of  the  combined  materials  into  which  the  primary  element* 
are  formed  in  the  animal  compound.  Inftead  of*  being  ter- 
nary compounds,  as  vegetables  are,  animal  matters  are  qua- 
ternary compounds,  or  even  more  complex.  Azote  is  the 
fourth  primary  principle  of  animal  matters,  which  they  pof- 
fefs  in  addition  to  the  hydrogene,  carbone,  and  oxigene  of  ▼*» 
getables. 

_  XVIII.  Thus  the  conrerfion  of  vegetable  matters  into  ani- 
mal matters,  which  confifts  merely  in  .the  fixation  or  addition 
of  azote  ;  is  to  be  confide  red  as  the  principal  phasnomenon  of 
animal ization.  .  This  alone  explains  the  principal  difficulties 
of  that  phenomenon  :  and  when  the  mcchanifm  provided  for 
the  addition  of  this  azote  (hall  have  become  fufficiently  known  ? 
mod  of  the  functions  of  the  animal  oeconomy,  which  contribute 
-tc,  or  depend  upon  it,  will  then  alfo  be  known. 

XIX.  What  is  already  known  concerning  this  laft  fubje£r, 
is  limited  to  the  following  particulars.  It  is  not  fo  much  by 
the  addition  of  a  new  quantity,  as  by  the  removal  of  other 
principles  in  corrfcquence  of  which  the  proportion  of  the  aaote 
originally  prefcnt,  becomes  greater,  that  this  phenomenon  is 
accompli  (he  d.  In  refpiration,  the  blood  exhales  a  great  quan- 
tity of  hydrogene  and  carbone;  the  laft  either  6m ply  diflblved 
in  gas  hydrogene,  or  elfe  reduced  to  carbonic  acid  in  the  very 
aft  of  circulation,  and  in  the  vafcular  fyftem,  as  fome  modern 
phyfiologifU  have  conceived.  In  the  cavities  of  the  bronchi* 
during  the  aft  of  refpiration,  and  by  means  of  this  a£r,  the 
hydrogene fdrms  water  which  is  exhaled  in  expiration.  A 
portion  of  the  oxigene  appears  to  be  at  the  fame  time  fixed  m 
the  blood  in  the  langs;  and  circulating  with  this  fluid  through 
the  veficls,  it  is  gradually  combined  with  the  carboney  fo  as  to 
form  that  carbonic  acid  which  is  difengaged  from  the  venous 
blood  in  the  breafh  It  is  eafily  conceived,  that  a  large  quan- 
tity of  hydrogene  and  carbone  being  thus  Sifengaged  by  re- 
fpiration, the  proportion  of  the  azote  muft  be  by  the  fame  ad 
increafed.  The  inveltigation  of  the  mechanifm  of  the  other* 
•        i  functions— 
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UnBtiaos,  will  no  doobt  lead  to  new  difcoveries  more  import- 
ant than  tbefe  which  are  here  detailed.     What  has  been  done 
within  tbefc  Iaft  few  years,  naturally  leads  us  to  expecr,  that 
men  more  may  wkhin  no  long  time  be  done*    The  analogy 
of  a&oa  which  has  been  difcoveced  to  fiibfift  between  dige- 
two,  refpiration,  the  circulation,  and  tranfpiration,  has  be- 
gan to  eftablffh  upon  new  views  much  more  (olid  than  thofe 
which  were  formerly  entertained,,    a  fyftem  of  animal  pby- 
CoSogy  that  promifes  a  rich  harveft  of  difcovcries  and  utilities* 
No  doubt,  by  the  aflidutous  inveftigation  of  the  phaenomena 
d digeftion  and  of  growth  in  young  animals,  we  (hall  at  length 
faceted  fo  far  as  to  ereft  upon  thofe  bafes,  a  ftrudure  equally 
kv  and  folid.     Every  thing  is  ready  for  this  grand  (tries  of 
idcarches :  Several  philotbphers  have  already  entered  upon 
it:  A  new  ardour  fpringing  from  the  new  conceptions  which 
teyhave  formed,  (limulates  and  encourages  thofe  who  are  en- 
ppd  in  this  department  of  phyfics.     The  path  which  they 
tare  opened  up,  cannot  fail  to  conduA  them  to  refults  the  moll 
pitdfe  and  accurate;  exceeding  in  thefe  qualities,  all  that  has 
fail  hitherto  advanced  concerning  the  fan&ions  which  con- 
fttnte  animal  life. 


Application  of  tbefe  propofitions. 

The  functions  of  the  animal  ceconomy ;  and  particu- 
larly, 
Refpiration ; 
Digeftion ; 

Hemarofis,  or  the  formation  of  blood  > 
Tranfpiration  ; 
The  fecretion  of  the  bile  ; 
Offification  and  ofteogony ; 
Nutrition ; 

Maladies  ari£ngfrom  the  corruption  of  the  humours,  &.c. 
Animal  concretions ; 

«3  T\« 
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The  t&ion  of  various  medicines  «pM  Ac  fan 

Thofe  arte  *hich  are  fcmpkgfed  in  the  treatment ! 
mat  matters  j  (particularly*  the  arts  of  the  t 
the  currier,  the  maker  of  glues,  the  maker  of 
cord* ;  the  art*  of  e&trafiitig  oil*,  and  of  mai 
hiring  into  ufefol  implements,  the  horns, 
hooves^  Sec.  of  animals. 
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.CHAP.    XII. 


fftbe  Stontafeous  DESTtvcTrov  0/  Animal  an  A  Vege- 

tjuile  Matters. 


I*  WHEN  vegetables  and  animals  are  deprived  of  life,  or 
*ka  their  produds  are  abftra&ed"  from  the  individuals  to 
*irich  they  belonged  ;  movements  are  then  excited  in  them, 
which  deftroy  their  contexture,  and  alter  their  competition. 
Thde  movements  form  different  forts  of  fermentations.  The 
porpofe  of  Nature  in  exciting  them,  is  evidently  to  render 
more  fimple,  thofe  compounds  which  are  formed  by  vegeta- 
toon  and  animalization  ;  fo  that  they  may  enter  readily  into 
Qew  combinations  of  different  kinds.  That  matter  which  has 
ken  for  a  time  employed  in  forming  the  bodies  of  vegetables 
aod  animals,  is,  after  their  functions  axe  ended,  to  pafs  through 
tther  combinations,  and  to  enter  into  the  competition  of  other 

"•  From  this  definition  of  fermentation  in  general,  it  ap- 

J**1**  that  the  fpecies  of  fermentation  mud  be  as  various  as 

°fe  of  the  animal  and  vegetable  fubftances  that  areaffe&ed  by 

"  But,  of  thefe,  a  number  pals  through. the  fame  procefs,  while 

^  are  reduced  to  greater  fimplicity  of  compofition  ;  and  in 

^^enceto  this,  all  the  variety  of  fermentations  maybe  reduced. 

G  4  tfe 
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to  three  leading  fffecies;  vinous  fermentation,  acetous  fern 
ration,  putrid  fermentation.      ■ 

'  I1T.  Vinous  feVmetttafioiq  at  iff  name  indicates,  is) 
fermentation  which'  produces  wine  tfr  alcohol.  The  « 
matter  fubjeft  to  it,  is  fatcharine  matter*  diluted  in  a  eer 
quantity  of  water,  and  mixed  with  (onset  third  matter,  vi 
table  or  animal,  extraA,  felt,  feculum,  &c;  for  it  is  now; 
tain,  that  fugar  and  water  alone  ace  not  fufceptible  of  vii 
fermentation.  The  faccharine  fubftante  is  fo  copious,  an 
univerfally  diifufed  through  all  vegetable. and  even  ani 
matters ;  that  there  i$  a  prodigious  number  of  bodies  capabl 
affording  wine  or  forming  alcohol.  All  fwectand  faccha 
fruits  whpn  jrodueed  t«  a  pulp,  and  particularly  their  expr< 
juices,  undergo  an  internal  etnpbop  at  ?  temperature  not 
der  66°  F.  if  they  be  at  the  fame  time,  in  a  large  quani 
and  neither  too  thick,  nor  too  liquids  Hence  that  vail  qi 
tity  of  different  wines  which  we  poflefs  $  reckoning  wit}*  :t|i 
the  decodions  of  gemmating  grains,  in  which  the  faccha 
part  is  developed  by  germination ;  and  even  the  vinotf 
quors  made  with  milk,  honey,  blood,  &c. 

IV.  Vinous  fennentation  jlifcovers  itfelf  in  faccharine  jui 
by  an  increafe  of  their  bulk,  the  formation  of  a  copious  fi 
that  covers  their  furface^  rife  of  temperature,  the  difengi 
ment  of  a  great  deal  of  carbonic  acid,  the  converfion  of  a  f\ 
liquor  into  an  acid,  hgt,  and  pungent  fluid. 

V.  The  caufe  of  this  fermentation  appears  to  depeni 
the  decompofition  of  water,  of  wbofe  oxigene,  a  large  fl 
is  brought  into  union  with  the  carbone  of  the  fugar,  whic 
burns,  and  fo  converts  it  into  carbonic  acid.  At  the  C 
time,  the  hydrog^ne  of  the  'wafer,  is  brought  into  contafi  v 
the  decarbonated  fugar,  and  by  combination  with  it,  fo: 
alcohol.  Alcohol  may  be  defined  to  be  fugar,  deprived  < 
portufn  of  its  carbone,  the  place  of  which  is  f applied  by  a  t 
tain  proportion  of  hydrogen*.  This  theory  explains  both 
formation  of  the  caibonic  acid  which  is  difengaged  dui 

vin 
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tiaras  fcuucntauco ;  and  the  formation  of  alcohol,  with  all 
Ac  properties  of  this  new  produA. 

VL  Pure  akobol  is*  white  liquid,  of  a  fifoogfmfell,  oflan 
hot  sod  acrid  tafte,  convertible  into  Tapour  at  the  tempera- 
tare  of  176°  F.  inflammable  at  any  temperature;  affords, 
whea  burning,  a  large  proportion  of  water  and  carbonic  acids 
difafes  no  fmoke  during  its  comJraftioa ;  is  mifcibje  in  anj 
proportion  with  water,  expelling  die  air  and  a  portion  of 
alons,  while  the  combination  takes  place ;  difiblves  the  pnre 
or  caaflic  alkalis ;  dccompofes, the  acids,  and  by  this  decom- 
pofiuon,  is  irielf  converted  into  scthcr  t  drflblves  deliquescent 
seated  hits,  and  many  metallic  faks  ;  detaches  from  vege- 
tables their  volatile  oil,  aroma,  re  Go,  bnlfim*  a  part  of  their 
gBB-rcfin,  and  fcveral  colouring  matters  \  is  by  mesas  of  all 
its  proper  tie*,  ojefiil  in  many  operation*  ;Of  tbt  arts. 

VII,  The  formation  of  alcohol  if  efb&ed  by  the  deftru&ion 
oft  principle  of  vegetables  |:the  faccharine  matter  fnfFeiiflg 
Bpoa  this-occafion,  a  decomposition  by  which  it  is  redaced  to 
pester  fimplicity*  Villus  er  aloobolic  fermentation  is  there* 
fere  a  commencement  of  the  deftru&ion  of  thofe  principles 
*hkh  are  formed  by  vegetation.  It  may  be  confidered  as  an  , 
^attrior  emotion,  defigned  by  Nature,  to  fimplify  Jthe  order  of 
to*>po£tjoo  which  vegetable  fubiiances  exhibit. 

VIII.  Acid  or  acetous  fermentation  ia  the  fecond  natural 
^orenrent  by  whiph  vegetable  compounds  are  reduced  to  a 
n**fe  fimple  flate  of  compoiitioa.  This  fermentation  which 
Produces  vinegar*  can  take  place  oi>ly  in  liquors  that  have  al- 
ready  undergone  vinous  fermentation.  It  has  been  remarked 
*i**t  the  coataA  of  air  is  necefTary  for  the  produdion  of  vinegar. 
*^~e  have  even  feen  air  to  be  abforbed  by  wiae  turning  four  ; 
*^dit  appcars^thafa  certain  proportion  cf  oxigene  from  the 
^tmofphcre  is  necefcry  to  tlie  formation  of  acetous  acid. 

IX.  There,  are  no  doubt,  other  forts  of  fermentation  aoalo* 
govs  to  that  by  which  vinegar  is  formed  \  but  of  fuch  fermonu 
211  iocs  the  jirodu&s  are  not  yet  veil  known*    Such,.  for-ip-* 

ftauce, 
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ftaace,  is  that  which  takes  place  in  water  mixed  with  i 


which  is  called  the  (larch-maker's  four  water.  Such  Ukewi 
it  that  cffoured  bread,  fpured  cabbages,  aod  four  liquors.  A 
thefe  changes  are  to  be  considered  as  modes  of  decompofitk 
which  ferve  to  Amplify  the  complicated  oombinatipns  of  v» 
getables. 

X.  Lafily,  After  that  the  liquids  of  vegetables,  or  their  I 
lids  motftened,  have  pefled  into  the  acid  ftate ;  their  decos 
petition  continuing  under  favourable  ctrcumftances;  that  ia 
fey,  ia  a  mild  or  hot  temperature,  expoied  to  the  air,  6t 
eontaft  with  water;   condu&s  them  to  a  putrefa&ion  1 
which  they  are  in  the  end  volatilized,  is  the  form  of  gas, 
to  moft  of  their  principles.    There  is  difengaged,  water,  cs 
bontc  acid, .carbonated  gas  hydrogene,  fulphurated  gas  hydi 
gene,  volatile  oil  in  vapour,  and  fometimes,  even  gas  azo 
and  ammoniac.    Nothing  remains,  after  this,  but  a  brown 
Mackxefidue,  known  by  the  name  of  mould,  confifting  of  a 
bone  that  is  fomewhat  fat  and  oily,  and  from  which  water  e 
tra&s  fcveralf aline  febftanees,  and  a  fmall  portion of  extrt 
live  matter. 

XI.  Nature,  when  organizing  animals,  and  forming  tb 
humours  andlblids.bjr  complex  competitions;  has  mingled 
their  composition  a  germ  of  deftrafiion,  which  unfolds  itf 
after  the  death  of  the  individual. 

This  deftruftton  is  efie&ed  by  that  movement  which  is  call 
pvtrfifa&ion.  It  confifts  in  a  fort  of  fermentation,  in  a  ft 
decompofrtioa  of  thofe  liquid  or  folid  fubftances  in  which 
takes  place.  The  order  of  the  compofition  of  animal  matt 
is  more  complex  than  that  of  vegetables,  and  renders  th 
much  more  fufceptible  of  putrid  decompaction. 

XII.  Animal  matters  being  compounded  of  hydrogene,  c 
bone,  oxigene,  and  azote ;  apd  having  often  fuperadded  to  tti 
principles,  portions  of  fulphor,  phofphorus,  &c;  when  t3 

m  are  deprived  of  that  motion  and  continual  renovation  wS 
-conftitute  animal  life ;  are  foon  altered  by  the  more  ficar 
jpoma]  attractions  of  their  principles,  which  tend  to  coml 
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agetber,  by  two  and  two.  Thft  it-aftion  produces  binary 
imipounds,  fneh  as  carbonic  acid,  nitric  add,  ammoniac, 
<atsunated  gas  hydittgene ;  which  are  b y  degrees  evolved  in- 
to the  atmofpbere  ;  and  as  they  are  evolved,  proportionally 
faiaifli  the  bulk  of  the  animal  matters  from  which  they  ate 
irparatrd.  It  is  in  this  manner,  and  m  amfequence  of  natu-i 
Mldeoampofitkm;  that  animal  mattera  are  feen  to  become 
tit,  to  change  thair  colour  and  finally  to  lofe  their  ftrnftuse 
aadferm,  todiffnfc  through  the  atmofphore,  vapours  and 
gifts  winch  ana  there  diflblved,  aad  are  deftined  to  convey 
ittsather  bodies,  particularly  into  vegetables,  the  materials 
seotfiary  to  their  formation. 

SIL  All  the  phenomena  of  the  putiefis&ion  of  animal  mat* 

ten»  depend  upon  the  tnrrfiantfm  which'  has  been  rrplam- 

tL   The  union  of  bydrogene  and  azote  prodooes  ammoniac; 

which  has  been  segasdedaa  the  principal  prodnft  of  putrefac* 

rion.    The  combination  of  carboue  with  ozigene  accounts  for 

thefennation  and  difbngagement  of  carbonic  acid;  in  which 

ft&  the  myft  erics,  of  pntvefofiion  were  foppofed  to  conm% 

•tout  the  time  of  the  firft  diicovery  of  the  gaffes.     The  nL- 

to*  acid,  to  the  formation  of  winch,  animal  matters  power* 

kfly  contribnte  in  artificial  a2tGe~works,~'-is  produced  by  the 

^oo  of  azote  with  oxigene.     A  certain  quantity  of  gas  by- 

*°gfene  is  difeogaged,  and  involves  with  it  fome  portions  of 

^rbone,  fulpbor,  and  even  phofphorus.    Hence  that  noifome 

***B9  which  is  to  exceedingly  various,  and  hence,  perhaps, 

***  pboTpborefoenoe  of  all  putrefying  animal  fabftance*. 

XjV.  When  all  tbefe  volatile  principles  are  combined  two 

"^  two  together,  and  dKjperfed  through  die  atmofpbere,  there 

r****aras  no  refidue,  but  a  portion  of  carbone,  united  or  mixed 

^tla  fixed  faline  iubftances,  fuch  as  phofphate  of  foda,  and 

^Qfphate  of  lime.    Thefc  rdjdues  form  a  fort  of  mould  that 

*•  bulled  animal  lartb  ;  which  often  retains  in  it  a  little  ful- 

^^Tited  and  carbonated  hydrogenous  <gas,  a  little  fat,  and  fome 

^Xfcaaft ;  and  in  which  vegetables  find  abundance  of  thoab 
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principles  Which  are  fit  for  the  formation  of  their  materials. 
HenCe  is  it'tiiat  this  animal  refidue,  when  die  previous  putre- 
faction is-  entirely  paft,  forms  an  excellent  fpecies  of  manure. 

*  *XV--  There  is  a  certain  quantity  of  water  necefiary  to  this 
putrid  Accotupofition' of  animal  matters.  It  affords  the  oxi- 
gene  requifite  to  the -compofirion  of  the  carbonic  acid  and  ni- 
tric acid.  It-contributes  remarkably  to  excite  the  putrefac- 
tive emotions,  by  means  of  the  attractions  of  its  oxigene.  The 
hydrogene,  too,  evolved  from  the  water,  mult  doubtlefs  con* 
tribute  -greatly  to'  the  formation  of  the  ammoniac :  lor  it  is  ' 
a  well  known  facY,  that,  when  animal  matters  are  diluted  in 

a  large  quantity  of  water,  they  afford  abundance  of  ammoniac, 
during  their  dccooipofition. 

•  XVI.  PutrefacVton,  confiding  in  a  feries  of  peculiar  attrac- 
tions, is  modified  in  many  different  ways  by  all  its  exterior 
cticuntftances,  fuch  as  temperature,  the  medium  in  which 
animal  matters  are  placed,  the  ftate  of  the  atmofphere,  as  more  , 
or  lefs  ponderous,  dry  or  humid,  &c.  It  is  thus  that  carcafes 
buried  ia  the  earth,  immerfed  in  water,  or  fufpended  in  air# 
undergo  a  diverfity  of  changes  to  which  their  mafs,  their 
quantity,  and  the  vicinity  of  -other  bodies,  as  well  as  all  the 
varied  properties  of  the  three  media  here  mentioned,  conti- 
nually give  new  and  different  forms. 

XVII.  Proofs  of  the  truth  of  this  aflertion,  occur  in  what 
happens  to  dead  bodies,  interred  either  feparately,  each  by  it- 
fclf,— or  in  heaps  together.  The  former  being  furrounded  by 
a  great  quantity  of  earth;  are  foon  deftroyed  by  putrefaction, 
the  aeriform  or  liquid  produds  of  which  are  abforbed  by  the 
f unrounding  earthy  or  by*  the  atmofphere.  Bodies  buried  in 
heaps  together,  not  having  around  them  the  fame  fort  of  ear- 
then or  atmospheric  receiver,  remain  long  undeftroyed ;  their 
animal  matter  is  entirely  converted  into  ammoniac  and  con- 
crete oil  :  and  this  oil  with  the  volatile  alkali,  forms  that  fc- 
ponaceous  matter  which  -has  been  found  in  the  earth  of  bury- 
ing grounds,  in  which  there  has  been  too  great  a  number  of 
corpfes  depofitcd. 

xvm. 
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XVIU-  In  water,  different  pharaomena  attend  the  deftruc- 
tiao  of  animal  matters :  As  fail  as.  the  new  ptodu&s  areT 
tnr***A^  the  water  dinqives,  and  conveys,  them  into  the  air* 
A  fffmriiHird  moifttue  at  a  temperature*  a  lew  degrees  above 
31°  F.favonrs  the  putrefaction  of  theft  matters*  and  their  fe- 
tation into  gas.  A  dry,  hot  air,  on-  the  contrary*,  volatilizing 
the  water,  dries  and  hardens  the  animalbodies,  mlmoft  as  well 
as  the  dry  burning  (and  docs  in  Egypt,  that  Jaad  of  mom- 


XIX.  Although  all  the  circumftances  of  pntrrfaftion,  and 
aU  the  varieties,  almoft  innumerable,  of  the  phenomena  which 
they  exhibit ;  have  not  been  as  yet  either  discovered  or  de- 
fcribed  ;  it  is  however  acknowledged,  that  all  thofe  phaeno- 
ocas  mud  be  limited  to  die  converfion  of  the  more  complex 
compounds  into  others  of  a  Ampler  competition ;  which  Na- 
ture then  employs  in  new  combinations  forming  the  materials 
tf  other  complex  bodies.  She  had  only  lent  them  for  a  time 
to  aaimels  and  vegetables.  She  carries  on  a  perpetual  circu- 
lation of  compositions  and  decompofitions ;  which  difplay  her 
fi°wtr,  and  evince  her  fecundity,**,  the  lame  time  while  they 

*k*  a  plan  of  action,  equally  grand  and  fiaple  in  its  opera* 

tioas. 

jippHcation  of  the  propofitiotu  in  ibis  loft  cbapttr. 

^=fide  all  the  objects  mentioned  at  the  end  of  the  two 
ctuP*crs  immediately  foregoing,  to  which  the  articles  in  this 
^P^errtiiuid  almoft  direcY  applications ;  the  principles,  par- 
liCttl^rly  explained  in  this  chapter,  are  likewise  fufceptible  of 
^r^r  following  applications. 

The  prciervatioo  of  all  fubftances.  cxtra&cd  from  vege- 
tables; . 
The  different  fpontaneous  alterations  which  vegetables 
undergo;  acetous-  fermentation,  vinous  fomenta- 
tion, Su,  i  * 


*  io        DtfruBion  of  Animal  and  Vtg$tobk  MatUrt. 

The  proda&s  of  thefc  alterations,  often  employed  in  the 
arts ; 

Tb&  produ&ioa  of  amnion  Uc  and  nitric  acid ; 

The  influence  of  pntrefa&ion  in  the  different  regions  of 
living  bod**? ; 

The  in&dipn,  and  oilier  evils,  produced  by  the  vapour* 
i  of  putrefied  poatter?  j 

The  theory  of  the  fituation  and  inaaagement  of  hospi- 
tals, drains,  finks,  lay-ftalls,  common-fewers,  ceme- 
teries, &c. 
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ADVERTISEMENT. 


COON  after  entering  upon  the  ftudy  of  chemiC- 
^    try,  I  was  induced,., by  the  perfuafion  of  a 
Bookfeller,  to  undertake  a  tranflation  of  Four- 
cioy's  Elements  of  Chemistry,  from  the 
third  edition  of  the  original  work,  then  newly  pub- 
fifed.     In  that  edition,  the  author  had.  for  the 
firfttime,  adopted  the  opinions  and  the  language 
of  the  New  Theory,  which  had  been  lately  fug- 
geftcd  by  the  important  difcoveries  of  the  illus- 
trious and.  lamented  Lavoifier.    The  new  Jan- 
page  of  that  theory  was  in  the  tranflation  to  be 
accommodated  to  the  ftrudture  and  analogy  of  the 
Eoglifh  tongue ;  and  other  peculiar  difficulties  al- 
&  concurred,  to  render  the  talk  in  which  I  had 
engaged,  extremely  arduous*    I  acquitted  myfelf 
°f  it,  as  well  as  I  could.  My  tranflation  has  been 
called  for,  fold,  and  read;  till  the  edition  then 
printed,  has  been  exhaufted ;  and  till  a  fourth  Edi- 
tor of  the  Original  Work,    with  alterations  and 
ti&tms  by  the  Anther,  has  been  received  in  this 


I 


n  ADVERTISEMENT. 

I,  in  the  mean  time,  continued  to  purfae  mj 
chemical  ftudies,  with  that  fondnefs,  which  the 
fublimity  of  the  general  truths  of  this  fcience,  the 
endlefs  diverfity  of  the  phenomena  that  fall  un- 
der its  laws,    and  its  unrivalled  utility  for  en- 
lightening the  arts  of  life,  are  well  adapted  to 
excite  in  every  ingenuous  mind.  With  great  plea- 
fure,  therefore,  did  I  liften  to  the  requeft  of  the 
prefent  Publifhers,  when  they  informed  me  of  their r 
intention  to  reprint  my  tranflation  of  FourcroyV 
work ;  and  defired  that  I  would  revife  and  correft : 
it  for  the  prefs ;  collating  it  with  the  new  edition 
of  the  original;  altering  what  the  author  had  al-*: 
tered;  and  adding  whatever  additions  he  (hould* 
appear  to  have  made.     I  was  pleafed  to  have  a* 
new  opportunity  prefented  to  me,  of  humbly  do* 
ing  fomewhat  more  to  promote  the  knowledge  of  i 
a  fcience  in  which  I  delighted.     I  was  not  left ' 
pleafed  with  the  opportunity  of  correcting  fome » 
erroneous  numbers,  fome  awkward  exprejfitms%  fome  j 

*  i 

unneceffarily  paraphrajlic  pajfag+s,  and  others  \n   \ 

which  an  attempt  to  concentrate  the  meaning  of  ther   j 

author,  had  produced  objcurity,  in  that  tranflation  -j 

of  this  excellent  fyftem  of  chemiftry,  which  I  war    { 

pow  to  revife  and  improve. 

What  I  thus  again  undertook,  I  have  executed;'   : 

and  the  work  is  here  prefented  to  the  public,    I  J 

have  carefully  revifed  my  former  tranflation,  and"* 

Jbgye  corre&ed  whatever  I  found  to  be  inaccurate*' 
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abfcure,  or  coarfely  inelegant  in  it.  I  have  col- 
lated it  with  the  new  edition  of  the  original  work, 
and  have  adopted  all  the  alterations  and  additions 
of  the  author.  I  have  even  added  a  confiderable 
number  of  Notes,  correcting  errors,  illuftrating  ob- 
fcurities,  or  fupplying  deficiencies  of  important 
information,  in  Fourcroy's  text. 

Thefe  Not  es  it  had  been  eafy  for  me  to  enlarge 
to  almoft  any  indefinite  bulk  and  number.  But, 
Iitfleded,  that  notes,  however  they  may  variegate 
die  pages  of  a  book,  are  too  often  overlooked,  in 
Ac  reading,  efpecially  by  the  young  ftudent;  or, 
if  peruied,  ferve  too  often  for  no  other  purpofe  in 
the  perufal,  except  to  diftraft  the  attention  of  the 
reader,  and  to  interrupt  to  his  mind  the  author's 
chain  of  reafoning  or  narration.  After  reading  an 
elementary  treatife,  exhibiting  rather  the  whole 
fjftem  of  the  general  principles  of  any  (cience, 
don  all  the  detail  of  minute  fatfs  comprehended 
voder  thofe  principles ;  let  the  ftudent  no  long- 
er plod  among  compilations,  but  trace  the  fcience 
which  he  ftudies,  through  the  writings  of  thofe 
authors  alone,  who  have  enriched  it  with  original 
aod  uncontroverted  theories,  or  with  new  obferva- 
toos  and  experiments.  It  were  perhaps  defireable, 
tltateven  this  elaborate  and  comprehenfive  work  of 
ToutcROY,  fhould  be  condenfed  to  one  half  of  its 
pdent  bulk,  rather  than  clogged  and  burthened 
*uh^ndl«fs  additions.    1  have  given  fuch  a  pro- 
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portion  of  notes  as  feemed  indifpenfibly  requifite  9 
but  none  for  the  fake  of  ufelefs  oftentation. 

I  have  always  thought  that  the  phyfical  fciences 
ought  not  to  rejedk  the  advantages  of  purity,  per- 
spicuity, and  precifion  of  ftyle,  any  more  than  the 
moral  fciences  and  the  fine  arts*     It  is  piteous  to 
fee,  what  a  Babylonifh  jargon  the  traqflation  of 
many  books  of  chemiftry,   natural  hiftory,  and 
natural  philofophy,  from  foreign  tongues,  has  in- 
troduced into  the  Englifli  language.    The  techni- 
cal phrafeology  of  every  art  and  fcience  muji  be-; 
come  it,  becaufe  abfolutely  neceflary  to  its  accu- 
rate expofition.     But  foreign  words  unneceflari-* 
ly  intermingled  with  Englifh  idioms,  and  Eng- 
lish words  in  the  conftrudtion  and  arrangement 
of  a  foreign  language,  can  never  ferve  the  inte*- 
rcfts  of  fcience,  and  ought  not  to  be  employed  is 
the  enunciation  of  it.     Chemiftry,  fince  it  has  «.- 
fpired  above  the  laboratory  of  the  alchemift,  and 
the  fliop  of  the  apothecary,  ought  to  be  arrayed 
in  thofe  fimple,  yet  dignified  and  elegant  graces 
of  writing,  which  are  fui table  to  its  philofophical 
character.  I  have  therefore  laboured  at  oncetomalc^ 
Fourcroy  fpeak  pure,  perfpicuous,  intelligible  Eng~ 
lifh;  and  to  preferve  ftri<ftly  the  propriety, 
peculiar  phrafeology  of  the  fcience,   and  of 
new  theory.     How  far  my  endeavours  may  ha^c 

been  in  this  fucCeftful.  it  is  not  for  me  to  decide* 
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In  (b  extenfive  a  work,  executed  in  hafte,  many 
little  inaccuracies  will,  no  doubt,  dill  remain. 

A  new  tranflation  of  Fourcroy's  Philosophy 
op  Chemistry  is  prefixed  to  the  firft  volume  of 
this  tranflation  of  the  Elements,  &c.  It  cannot 
fail  to  be  ufeful  as  a  Syllabus  of  all  the  general 
doftrines  of  the  fcience,  and  as  a  fort  of  intro- 
duction to  the  larger  work. 


R.  HERON, 
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PREFACE  to  the  FOURTH  EDFI 


BY  THE 


AUTHOR. 


NO  fcience  was  ever  more  generally  or 
gerly  cultivated  than  chemiftry  has 
ring  thefe  laft  twelve  or  fifteen,  years :  No  fci 
made  fuch  rapid  progrefs  in  fo  fhort  a  time 
circumilances  render  a  fourth  edition  of  this 
ceflary.    The  fecond  edition  having  been  a] 
tirely  fold  off  in  the  fpace  of  eighteen  mont 
confequently  lefs  time  for  improving  it  in  a  i 
tion,  than  1  had  for  improving  the  firft  in  it. 
edition,  therefore,  the  work  was  enlarged  o 
one  additional  volume :  but  in  the  fecond 
been  added.     Every  elementary   work,  as 
through  fucceflive  editions,  mult  at  length 
period  at  which  the  judgement  of  the  learnec 
cerning,  will  declare  farther  additions  unnecefl 
after  which,  review  and  cateful  corrections  w 
only  proper  means  of  improving  it.     I  am  of 
that  in  the  third  edition  my  work  reached  the 
An  account  of  the  new  difcoveries  fince  the  y 
would  not  have  added  greatly  to  the  bulk  ol 
lames :  But  by  the  advice  of  fome  judicious 
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Ifid  in  confcquencc  of  underftmding  that  beginners 
fcond  fome  difficulties  in  the  perufal  of  this  work,  I  was 
>  induced  to  alter  and  enlarge  fome  chapters  in  the  hif- 
tory  of  faline  matters*  of  fome  of  the  metals,  and  of 
fereral  of  the  immediate  principles  of  vegetable  and 
aofanal  bodies.  The  additions  made,  in  this  fourth 
edition,  to  the  contents  of  the  third,'  are  fo  few,  as,  all 
together,  to  enlarge  the  work  but  by  a  few  pages  ia 
the  compafe  of  the  whole  five  volumes* 

When  I  compofed,  in  the  years  1780  and  1781,  an 
ibftrad  of  the  fundamental  fads  of  this  fcience,  to 
fcnre  as  a  fyllabus  to  my  le&ures ;  I  followed  the  fame 
pbn  which  I  bad  1>efore  adopted  in  my  lectures,  and 
tf  which  fome  years9  experience  had  taught  me  the 
advantages.  The  unexpected  fuccefs  of  that  work  in- 
duced me  to  follow  the  fame  plan  in  the  fecond  edition, 
publifhed  about  feven  years  fince.  The  encourage- 
ment which  the  fecond  and  third  editions  have  receiv- 
ed from  the  proficients  in  chemiftry  and  the  friends  of 
fcience;  and  the  preference  which  the  rapid  fale  and 
the  various  tranflations  authorize  me  to  fav,  has  been 
given  to  my  Work  as  an  elementary  book  on  chemiftry 
through  all  Europe;  induce  me  ftill  to  adhere  to  tie 
fane  plan  which  was  laid  down  in  the  firft  edition.  To 
alter  my  arrangement  would  have  been  in  fome  mea- 
fine  to  form  a  new  work :  yet  1  know  not  but  it  might 
filtered  without  any  impropriety.  Perhaps,  the  more 
c<*re&  knowledge  which  has  been  gained  fince  the  pub- 
lication of  my  firft  edition  ;  the  more  conclufive  reafon* 
• 

Kgs;  and  the  more  accurate  and  numerous  experiments 
*Uh  which  chemiftry  has,  fince  that  time,  been  en* 
nched;  would  render  it  advantageous  to  arrange  th* 
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elements  of  the  fcience  in  an  order  fomewhat  different: 
To  place,  for  inftance,  the  hiftory  of  all  combuftible 
bodies,  fulphur,  coal,  metals,  &c.  before  that  of  acids; 
mod  of  which  falts  are  either  burnt  bodies,  or  com- 
pounds of  combuftible  bodies.  This  would  be  to  pro- 
ceed from  fimple  to  compound :  the  acids  of  one  king- 
dom would  not  then  be  feparated  from  tjiofe  of  the 
other  two  kingdoms :  only  the  differences  between  the 
principles  of  organic  bodies  and  thofe  of  minerals, 
would  be  treated  of  in  diftinft  chapters.  I  have  mark, 
ed  out  a  Iketch  of  this  method  in  my  Treatife  on  the 
Elements  of  Chemiftry,  intended  for  the  ufe  of  the  la- 
dies, and  the  pupils  of  the  Royal  Veterinarian  School*. 

But  although,  in  the  prefent  ftate  of  chemiftry,  this 
laft  mentioned  arrangement  of  its  elements  may  be  pre- 
ferable j  yet  that  which  I  at  firft  adopted,  and  ftill  ad- 
here to,  is  not  without  its  advantages.  It  requires  fome- 
what more  particular  attention  from  the  ftudent :  but 
even  in  this  inftance,  it  is  peculiarly  favourable  to  his 
improvement.  It  exhibits  the  fame  fads  in  two  diffe- 
rent lights ;  it  recals  the  mind  a  fecond  time  to  truths*, 
which  have  been  already  fubmitted  to  its  view ;  anA. 
thus  impreffes  more  diftinft  ideas  of  the  different  phe- 
nomena, and  of  their  mutual  relations. 

With  refpedl  to  the  theory  laid  down  in  thefe  ele- 
ments, the  third  edition  was  effentially  different  frona 
the  two  former  editions.  In  them,  I  appeared  only  a.s 
the  hiftorian  of  the  different  opinions  which  had  pre- 
vailed among  chemifts.  Bat,  in  the  third  edition,  though 

I 

*  School  for  the  Medicine  of  Anixnds,  which  was  cllabliftcd     ** 
ALfurt,  nets  Fitris, 
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I  ftiil  maintained  the  fame  impartiality,  and  gave  an  ac- 
count of  the  principal  theories  which  have  been  propo- 
sed;  yet  I  efpoufed  a  fide,  and  declared  myfelf  an  en- 
tire convert  to  that  dodrine  which  has  received  from 
Some  philofophers  the  name  of  pneumatic  or  antipblo- 
gific.    In  this  fourth  edition,  my  opinion  is  dill  more 
tangly  exprefled  in  favour  of  the  pneumatic  theory  j 
hcarafe  I  am  ftill  more  entirely  convinced  of  its  truth* 
I  flitter  myfelf;  that  every  unprejudiced  perfon  who 
Hull  carefully  perufe  thefe  elements,  will  find  that  this 
theory  differs  effentially  from  all  others  that  have  been 
hitherto  propofed ;  as  it  takes  nothing  upon  fuppofition, 
admits  no  hypothetic  principle,  and  confifts  only  in  a 
fair  detail  of  fads.  I  may  even  venture  to  fay,  that  thofe 
phfafophers  who  have  not  yet  adopted  this  do&rine  ; 
particularly  thofe  who  have  combated  it  in  fome  inftan- 
ccs  with  rather  too  much  warmth,  have  not  fully  com- 
prehended our  meaning.    They  do  not  fee .  that  the 
ground  of  our  opinions,  the  foundation  on  which  our 
principles  ftand,  is  totally  different  from  thofe  of  other 
theories  which  occur  in  the  ftudy  of  phyfics.     We  on- 
b  deduce  plain  inferences  from  a  great  variety  of  fads : 
*e  admit  nothing  not  demonftrated  by  experiments : 
and  as  we  rejed  every  hypothefis,  we  cannot  pofiibiy 
commit  fuch  blunders  as  thofe  into  which  the  authors 
of  all  former  fyftems  of  pbyfics  have  fallen.     Either  I, 
*nd  thofe  other  modern  chemifh  who  have  produced 
£>  many  ingenious  difcoveries,  are  grofsly  miftaken; 
**  the  riling  generation  of  ftudents,  who  are  taught  to 
rcafon  in  a  very  different  manner  from  their  predecef- 
fas,  will  renounce,  as  we  have  prefumed  to  do,  the 
typothefes  which  have  been  fo  much  agitated  in  \\» 
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fchools,  and  will  confine  themfelves  to  the  refults  of 
fair  experiments* 

The  modern  theory  of  chemijlry%  which  is  denomina- 
ted the  pneumatic,  and  which  denies  the  exiftence  of 
phlogifton,  is  daily  gaining  new  converts ;  and  is  al- 
ready fo  generally  received,  that  three  fourths  of  the 
ftudents,  and  efpecially  of  the  teachers  of  chemiftry, 
may  now  be  reckoned  among  its  adherents.  The  two 
xnoft  eminent  chemifts  in  Europe,  Dr.  Black,  and 
Mr.  Kirwan,  after  examining,  with  the  utmoft  care, 
the  new  principles  of  the  French  chemift,  and  after 
contending  againft  them  for  the  fpace  of  ten  years ; 
have,  at  lad,  with  the  candour  becoming  men  of  real 
genius  and  enlarged  minds,  frankly  adopted  them* 
"  At  laft,"  writes  Mr.  Kirwan  to  M.  Berthollet,  in  a 
letter  dated  on  the  26th  of  January  laft,  "  1  lay  down 
"  my  arms,  and  abandon  the  caufe  of  phlogifton.  I 
"  clearly  fee,  that  there  is  no  unequivocal  experiment 
44  to  prove  the  production  of  fixed  air  from  pure  in- 
44  flammable  air.  This  being  fo,  it  is  impoffible  to 
"  maintain  the  do&rine  of  phlogifton  with  refpeft  to 
••  metals,  fulphur,  &c.  Without  decifive  experiments 
44  we  cannot  form  a  fyftem,  in  oppofition  to  pofitive 

fadts.     1  fhall  myfelf  compofe  a  refutation  of  my 

own  eflay  on  phlogifton." 

Dr.  Black   thus  expreffes  himfelf,  in  a  letter 
M.  Lavoifier: 

You  have  been  informed  of  my  endeavouring  t 

explain  to  my  pupils  the  fads  and  principles  of  tb 

new  fyftem  which  you  have  been  fo  fortunate  as  t 
44  difcover,  and  which  1  begin  to  recommend,  as  b 
44  ing  more  fimple,  more  uniform,  and  more  confift 
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*  with  fads,  than  the  old  theory.  And  how  could  I 
M  do  othcrwifc  ?  The  many  fkillful  experiments  which 

*  you  have  made  in  the  great  way,  have  been  profe- 

■  cuted  through  all  their  changing  phenomena  with 
H  foch  affiduous  care,  and  fuch  fcrupulous  attention, 
"  that  nothing  can  be  more  fatisfadory  than  the  proofs 
u  to  which  they  have  conduded  you.     The  fyftem 

i     ■  which  you  have  founded  upon  your  fads,  is  fo  clofe- 

*  \j  conne&ed  with  them,  fo  Ample,'  and  fo  eafily 

■  intelligible,  that  it  muft  daily  obtain  increafing  ap- 
u  probation j  and  cannot  fail  to  be  adopted  by  a  great 
"  nuoy  chemifts  who  have  been  long  accuftomed  to 
"  the  old  fyftem.  Yout  muft  not  hope  to  convince 
u  every  perfon.  You  well  know,  that  Jiabit  enflaves 
14  the  minds  of  mod  men,  and  makes  them  believe 
11  and  reverence  the  greateft  abfurdities.  I  muft  con- 
"  fe(s  to  you,  I  myfelf  have  felt  its  influence.     Hav- 

*  ing  been  accuftomed  for  thirty  years  to  believe  and 
"  teach  the  dodrne  of  phlogifton,  as  it  was  undcr- 
44  flood  before  the  difcovery  of  your  fyftem;  I  long 
41  felt  a  degree  of  diflike  to  the  new  fyftem,  which  re- 
M  prefented  that  as  an  abfurdity,  which  1  had  regard- 
"  ed  as  fcientific  truth.     But  that  diflike,  as  it  arofe 
"  only  from  the  force  of  habit,  has  been  gradually  dU 
"  roiaifbed  and  overcome  by  the  clearnefs  of  your  de- 
u  monftration,   and   the  folidity  of  your  plan.     Al- 
though there  be  (till  fome  particular  fads  of  which 
the  explanation  feems  difficult,  and  fcarce  fatisfado- 
ty  J  I  am,  however,  convinced,  that  your  dodrine 
u  infinitely  better  founded  than  the  old  theory  ;  and, 
1Q  this  refpcd,  cannot  fuffer  by  a  comparifon  with  it. 

-  But,  if  the  power  of  habit  dill  hinder  Ibrae  old  cix*. 
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mifts  from  approving  your  ideas ;  the  young  cannot 
be  influenced  by  the  fame  circumftance :  they  will 
univerfally  rank  themfelves  on  your  fide.  We  have 
"  experience  of  this  in  our  Univerfity,  in  which  ftu* 
14  dents  enjoy  the  fulleft  liberty  in  the  choice  of  their 
"  fcientific  opinions.  They,  in  general,  embrace  your 
"  fyftem,  and  begin  to  ufe  the  new  nomenclature." 

It  cannot  be  faid,  then,  that  the  antiphlogistic  doc- 
trine has  not  gained  many  partizans ;  fincc  it  has  been 
adopted  by  the  greater  number  of  the  moft  celebrated 
natural  philofophers  and  profeflbrs  of  chemiftry  in  Eu- 
rope j  fincc  almoft  all  French  chemifts  teach  it  in  their 
le&ures;  and  fince,  in  oppofition  to  twelve  or  fifteen 
chemifts,  in  all  Europe,  who  ftill  refufe  to  admit  this 
do&rine,  there  are  more  than  fifty  eminent  profeflbrs, 
and  votaries  of  phyfical  fcience,  who  make  it  the  bafi* 
of  their  writings  and  ledures.    How  indeed  fhould  a» 
fyftem  of  dodrine  fail  to  ftrike  all  found  and  able  minds 
with  its  beauty  and  luftre,— which  admits  no  hypo- 
thecs,-— infifts  upon  nothing  but  the  refults  of  fadb,— 
explains  moft  of  the  phenomena  of  nature  and  arc* 
with  a  fimplicity  and  a  facility  which  were  unknown 
before  in  phyfical  fcience  ?     How  fhould  experiments 
4b  carefully  performed,  and  fo  accurate,  or  a  logic  lb 
cogent  and  rational,  fail  to  perfuade  every  unprejudi- 
ced mind  ?     Let  the  hiftory  of  modern  chemiftry  be 
candidly  ftudied;  let  thofe  works  be  read  with  deep 
attention,  and  all  thofe  differtations,  which  have  been 
written  within  thefe  ten  years  againft  the  antiphlogiiiic 
dodrine ;  and  it  will  foon  be  difcerned,  that  thofe  che- 
mifts who  ftill  combat  this  dodlrine,  may  be  divided 
into  two  clafles.     Of  thefe,  one  part  do  not  underftand 
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Cfen  die  bales  of  this  do&rine,  and  appear  to  be  Aran- 
gen  to  the  train  of  experiments  on  which  it  is  found-? 
cd  f .  The  prejudices  of  fuch  men  are  not  to  be  over- " 
ceoe,  or  convinced :  the  long-formed  habit  of  imper- 
k&  and  inaccurate  procefles,  and  the  ftrength  of  old 
opinions,  abfolutely  unfit  them  for  new,  general  con- 
ceptions. The  other  clafs  may  be  (aid  to  be  under  the 
influence  of  a  party  fpirit,  and  are  more  formidable. 
They  are  acquainted  with  our  modern  experiments  j 
tbeyfay,  that  they  have  repeated  them;  they  have 
ttemfidves  made  difcoyeries  in  this  new  chemiftry: 

Yet, 

•  If.  Baume  hat  publiflied,  at  the  end  of  the  new  edition  of  his  Ele- 
aott  of  Pharmacy,  an  appendix,  exprefsly  intended  to  make  an  open 
•tdantion  againft  the  new  dodrine,  to  deny  the  compofition  of  wa- 
ter, and  to  decry  the  new  nomenclature.  It  is  unlucky  for  him,  that 
<vcry  line  in  his  book  (hews  him  not  to  have  comprehended  this  doc* 
vise;  to  calumniate  without  underftanding  it ;  to  hare  repeated  none 
°f  the  experiments  upon{which  it  is  founded,  with  (hfficient  accuracy  ; 
**d  to  bje  altogether  a  ftranger  to  the  fpirit  of  modern  phyfics.  Works, 
*-ofc  authors  thus  betray  their  own  ignorance,  cannot  defenre  repu« 
°*ioa.  Nor  have  we  forgotten  the  unlucky  fate  of  thofe  experiment* 
**1  opinions  of  M.  Baume,  which  reprefented  Slices  as  convertible 

•  _ 

ttto  argiH  by  fufion  with  alkalis ;  or  thofe  which  held  forth  a  pretend- 
*4  prsduclion  of  boracic  acid  from  fat  and  argill ;  or  thofe  concerning 
fc  Spontaneous  irredu&ibility  of  the  Perfian  precipitate;  the  prepara- 
***  ©farthers,  Staikcy's  foap,  metallic  falts,  with  excefs  of  bafe,  ful- 
ptanc  (alts  with  excefs  of  acid,  &c.  &c. 

It  it  more  farpriiing  that  fuch  warm  objections  (hould  have  been 
**6e  to  the  pneumatic  theory  by  M.  Monnet,  who  performed  many 
1wMc  Cervices  to  chemical  fcience,  before  the  difcovery  of  the  galTes. 
^ithoot  having  thoroughly  ftudied,  as  it  (hould  feem,  the  modern 
^°&*u* ;  without  having  fufficiently  acquainted  himfelf  with  the  new 
Pfcruneots  and  procefles  which  it  has  employed  \  he,  with  great  ^ea&% 
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Yetf  they  attack  the  antiphlogiftic  theory. with  arms 
feemingly  ftronger  than  thofe  of  the  former  clafs.  The* 
only  difference  between  them  and  the  antiphlogiftians, 
con  fids  in  their  logic  and  mode  of  reafoning.  Inftead 
of  taking  the  fhorteft  and  mod  direft  way  to  arrive  at 
the  end  propofed,  they  take  a  long,  circuitous  progrefs. 
What  proves  them  not  to  be  in  the  true  road,  is,  that 
every  one  of  thefe  phlogiftians  forms  a  theory  for  him- 
felf  in  his  own  way,  which  has  little  or  no  connexion 
with  any  other  theory :   fo  that  there  are  as  many 

different 

fets  bimfclf  in  oppofition  even  to  Sell  eel  c,  to  whom  we  owe  many  of 
thofe  difcoveries,  which  other  chemift*  have  fince  confirmed ;  he  talk* 
of  the  oxalic  acid,  the  oxigenated  muriatic  acid,  the  arfenic  acid,  as 
if  he  had  never  feen  any  of  thefe  acids,  as  if  he  had  never  obtained 
them  in  any  of  his  proceffes.     He  confidently  pronounces,  that  no 
fuch  acids  ex  ift.8 ;  that  the  pneumatic  chemifts  are  all  mi  (taken ;  and 
that  their  fyftem  is  not  tenable.     Yet,  on  reading  his  duTerlation  a«» 
gain  ft  the  pneumatic  chemidry,  which  is  inferted  in  the  fourth  voluou 
of  the  Memoirs  of  the  Academy  of  Turin,  it  is  eafy  to  fee  that  he  hat 
not  fully  comprehended  the  fyftem  of  the  modern  chemifts ;  and,  whal 
is  more  inconceivable,  that  he  has  not  performed  any  of  his  experi- 
ments with  that  accuracy,  and  thofe  proccflcs  which  were  requisite  tc 
procure  the  refults  which  he  refufes  to  acknowledge.     In  a  word,  witl 
his  method  of  operating,  and-  with  that  difdain  which  he  fhewi  for  th« 
calculation  of  the  proportions  in  analyfes,  it  was  impofliblcthat  he  fhoul- 
rightly  appreciate  the  modern  difcoveries ;  and  he  denies  their  exil 
tence,  becaufe  they  have,  in  fad,  to  him  no  exiftence.     We  wouk-  -<5 
wi(h  perfons  who  have  ftudied  the  new  chemidry,  to  read  the  di fieri 
tions  here  cited.     They  will  foon  be  convinced  of  the  truth  of  our  a. 
fertions,  and  will  perceive  the  reafons  why,  notwithflanding  fo  muc^H. 
oppofition ;  the  modern  do&rine  daily  acquires  new  partisans,  asr-»d 
whence  it  comes  to  reckon  among  its  partizans,  thrce*fourths  of  all  thsw^C 
is  eminent  among  the  philofoplicrs  of  Europe* 


AUTHOR'S  PREFACE.  xi* 

different  phlogiflic  theories,  as  there  are  philofophers 
iverfe  to  the  antiphlogiftic  dodrine. 

All  the  philofophers  who  now  admit  the  pneumatic 
do&rine,  befide  being  much  more  numerous  than  thofe 
who  oppofe  it,  have  alio  the  advantage  of  being  at 
one  among  themjfelves.  This  ought  to  weigh  deci- 
fifdj  with  perfons  engaged  in  the  ftudy  of  chemiftrjr, 
if  they  cannot  truft  to  their  own  judgement,  and  de« 
ttnnioc  for  themfelves. 
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PART    I. 

General  Facts;  and  Introduction  to  the 

Work. 


CHAP.    I. 

Definition  of  Cbemijlry ;  Chemical  Proceffes ;  and  the 

Advantages  of  tbe  Science,  &c. 

CHEMISTS  have  not  generally  agreed  concerning 
the  mod  proper  definition  of  chemiftry.     Boer- 
haave,  in  his  Elements,  has  ranked  it  among  the  arts, 
<*»  to  fpeak  more  accurately,  has  defined  only  the  prac- 
tical part  of  it.     Chemiftry,  according  to  Macquer,  is 
a  fcieoce,  the  objed  of  which  is  to  difcover  the  nature 
and  properties  of  all  bodies  by  means  of  analyfis  and 
f/Qthefis.    This  definition  is  indifputably  the  bed  that 
Voi-.  LA  Ywa 


•  1 

•£  Subjects  of  Chemiftry. 

has  yet  been  given.  But  as  analyfis  and  fynthefis  can- 
not be  employed  with  equal  fuccefs  in  inveftigating  the 
properties  of  all  natural  bodies,  it  would  perhaps  be 
better  not  to  mention  them  at  all  when  we  attempt  to 
define  this  fcience.  The  chemift  cannot  attain  the 
knowledge  of  the  properties  of  bodies  without  bringing 
them  into  contaft ;  and  as  all  that  he  can  poflibly  dif- 
cover  is  only  the  mutual  operations  of  bodies ;  perhaps 
the  following  definition  may  deferve  to  be  adopted* 
even  in  preference  to  Macquer's :  Chemistry  is  tmat^ 

SCIENCE  WHICH  EXPLAINS  THE  INTIMATE  MUTUAL  AC— 
TION    OF    ALL  NATURAL  BODIES.       The    fafts    which   W^ 

are  to  relate  will  illuftrate  this  definition.  In  order  t<c 
difplaythe  extent  of  this  fcience  in  an  orderly  and  per- 
fpicuous  manner,  we  fhall  confider  the  fubjefts  upon 
which  it  is  engaged  ;  the  means  which  it  employs ;  the 
purpofes  it  purfues ;  and  the  advantages  which  it  affords. 

5 1.  Concerning  the  Objeft,  the  Methods,  and  the  Inten- 
tions, of  Chemiftry. 

HP  HE  fubjetts  on  which  the  labours  of  the  chemift 
are  engaged,  are  all  the  fubftances  that  compofe 
the  globe  which  we  inhabit,  whether  buried  in  its  in- 
terior parts  or  found  at  its  furface.  Chemiftry  is  there- 
fbre  cf  equal  extent  with  natural  hiftory,  and  the  fame 
limits  are  common  to  both. 

Anah'fts  or  decompofition,  and  fynthefis  or  combhfc- 
tjbn,are  the  two  procefjes  which  chemiftry  employ*  to 
a'ccomplifli  its"  purpofes.     The  firft  is  nothing  bat  the 

reparation  of  the  conftituent  parts  of  a4  compound  fob* 

ftancc 
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ftance.    Cinnabar,  for  inftance,  is  a  compofition  of  mer- 
cury and  fulpbur;  the  chemical  art  analyfes  it  by  fe pa- 
rating  thefe  two  bodies  from  one  another.     Till  of  late 
it  was  generally  thought,  and  many  are  dill  of  opinion, 
that  this  method  is  more  advantageous  in  chemical  re- 
fearches  than  the  other.    This  opinion  had  even  gained 
fuch  ground  among  the  learned  as  to  induce  feveral  of 
them  to  define  cheraiftry,  Ibefcience  of  analyfis.  But  no- 
thing can  be  more  inconfiftent  with  the  juft  idea  of  de- 
compofition.  In  order  to  fet  this  important  truth  in  a  pro- 
-  per  light,  we  mud  divide  analyfis  into  two  kinds;  the 
\  true  or  fit n  pie,  and  the  fa  lie  or  complex.  The  true  analy* 
j&is  that  by  which  the  component  principles  of  the  body 
decompofed,  are  obtained,  without  buffering  any  altera- 
tion.   The  only  criterion  by  which  we  can  diftinguifh 
irhether  this  analyfis  has  taken  place,  is  when,   by  re- 
voking the  fimple  Jubilances  to  which  the  compound 
body  has  been  reduced,  we  can  form  a  new  compound 
prccifely  fimilar  to  the  former.     Cinnabar  will  again 
farnifh  an  inftance.    When  the  two  fubftances  of  which 
this  compofition  is  formed,  namely  mercury  and  iulphur, 
tie  feparated  by  a  chemical  proceis,  they  are  found  to 
be  in  a  (late  of  purity  fimilar  to  that  which  they  poffef- 
fed  before  their  feparation ;  for  by  uniting  them  we  can 
fonna  new  body,  differing  in  no  refped  from  the  original 
ttanabar.     But  unfortunately  for  the  fcience,  this  kind 
°f  analyfis  can  feldom  be  eife&ed.     Chemifts  are  not  fo 
tappy  as  to  6e  able  to  apply  it  to  many  of  the  bodies  on 
"hich  they  make  experiments.     The  neutral  falts,  and 
*  few  other  mineral  fubitances,  are  the  only  bodies  in 
*ature  fufceptible  of  this  ipecies  of  decompofition* 

A  2  T\ifc 
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The  falfe  or  complex  analyjis  is  that  by  means  ol 
which  a  body  is  refolved  into  principles  different  froir 
thofe  which  appeared  to  exift  in  the  compofition,  anc 
incapable  of  forming,  by  their  reunion,  a  body  limilai 
to  that  from  which  they  were  obtained* 

This  kind  of  decompofition  takes  place  in  mod  of  the 
bodies  that  are  fubjedt  to  a  chemical  analyfis ;  no  othei 
condition  being  requifue,  but  that  more  than  two  prin. 
ciples  enter  into  the  combination  to  be  examined,  and 
that  they  be  united  by  a  certain  degree  of  mutual  affiui- 
tj.    Many  minerals,  and  ail  vegetable  and  animal  fub- 
fiances  without  exception,  admit  of  no  other  fpecies  a 
analyfis.    Thus  fugar,  diftilled  in  a  retort,  affords  an  acid, 
an  oil,  and  a  carbonaceous  refidue j  but  all  attempts  to 
rccombine  thefe  into  the  fame  fubftance  from  which 
they  were  obtained,  are  uniformly  fruitlefs.    This  kind 
of  analyfis  cannot  enable  us  to  difcover  in  what  (late 
fubftances  exifted  together  in  any  combination  before 
being  feparated  j  and  it  therefore  affords  but  little  ufe* 
ful  information,  and  is  not  to  be  trufted  without  the 
greateft  caution.     By  trulling  too  haltily  to  refults  of 
this  kind,  chemifls  have  afforded  room  for  all  that  ccft- 
furc  to  which  their  art  has  been  expofed.     On  this  ac- 
count has  chemiftry  been  accufed  of  abfolutely  delay- 
ing bodies  in  its  attempts  to  feparate  their  component 
parts;  and  we  cannot  but  acknowledge  that  the  cenfuA 
was  for  a  long  time  juft :  but  becoming  more  circua- 
fped  in  proportion  to  her  progrefs,  chemiitry  now  16* 
jefts  that  deceitful  analyfis  to  which  (he  formerly  had  re* 
courfe,  and  poffefies  the  means  of  examiniug  the  proptft 
ties  and  difiinguilhing  the  component  principles  of  ton 

did 
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dies,  without  deftroying  their  nature.  She  even  proceeds 
farther,  and,  as  we  (hall  have  occafion  to  mention  more 
particularly  when  we  come  to  treat  of  vegetable  fub- 
ftancet,  eftimates  the  mutual  aftion  of  principles,  and 
determines  by  what  caufes  they  are  thus  modified  and 
changed. 

Syntbefis  or  compofirion,  the  fecond  method  of  pro* 
footing  chemical  inquiries,  is  the  formation  of  a  com- 
pound by  the  artificial  reunion  of  feveral  principles. 
Its  utility,  its  extent,  and  the  dependance  that  may  be 
placed  on  the  refults  which  it  affords,  render  it  much 
•more  valuable  than  the  other :  nay,  not  even  a  fingle 
operation  in  chemiftry  can  be  concluded  without  pro- 
ducing fome  new  combination.  Chemifts  appear  not  to 
tare  been  fufficiently  fenfible  of  its  importance.  In  fa&, 
tsfynthefis  is  both  more  frequently  employed  and  more 
highly  ufeful  than  analyfis,  chemiftry  might  be,  with  a 
good  deal  of  propriety,  reprefented  as  the  fcience  of 
combination,  not  of  analyfis. 

Thefe  two  methods  are  fometimes  employed  fepa- 
ntely,  but  oftener  together.  It  frequently  happens 
that  a  true  analyfis  cannot  be  effected  without  the  help 
of  fome  combination.  Falfe  analyfes  are  always  ac- 
cunpanied  with  new  combinations  by  fynthefis ;  nay, 
cotnpofition  itfelf  often  produces  a  kind  of  analyfis. 
The  laft  of  thefe  facts,  however,  has  been  but  lately 
discovered.  The  difcovery  of  a  great  number  of  aeri- 
form fluids,  the  exiftence  of  which  was  not  formerly  fo 
touch  as  fufpe&ed,  has  fhown  that  in  many  operations 
*hich  wcoe  confidered  as  flrnple  combinations,  an  invi- 
l    tifeelaftic  fluid  is  di  fen  gaged  with  effervefcence,  and. 
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either  efcapes  into  the  atmofphere,  or  is  received  Tn  vrf 
fels  which  have  been  ingenioufly  contrived  to  confine 
it.  Moft  of  the  combinations  of  two  principles  whicl 
were  before  thought  to  be  fimple  fubftances,  exhibi 
this  kind  of  analyfis.  We  fliall  have  occafion  to  giv< 
frequent  inftances  of  it,  when  we  come  to  treat  of  neu 
tral  falts. 

From  this  (hort  account  of  the  analyfis  and  fynthefi 
of  the  cheraifts,  it  appears  that  the  whole  art  of  che 
miftry  confifts  in  promoting  the  intimate  mutual  a&ioi 
of  bodies,  and  in  obferving  carefully  the  phenomena 
"With  which  it  is  attended.  It  is  to  be  remembered 
that  Nature  herfelf  conftantly  employs  thefe  two  me 
thods,  and  that  from  her  the  chemift  firft  learned  to  uf 
them.  As  they  depend  on  the  mutual  affinities  of  ba 
dies,  all  that  the  artift  can  do  is  to  difpofe  thefe  in  fuc-] 
a  manner  that  they  may  a&  upon  each  other.  Th 
young  chemift  ought  carefully  to  acquaint  himfelf  wit 
thefe  important  truths :  for  thefe,  with  the  reft  to  to 
explained  in  the  following  chapters  of  this  firft  par 
form  the  bafis  of  the  fcience. 

Hence  it  is  very  eafy  to  comprehend  the  final  intcn 
tion  of  chemiftry.  That  cannot  be  merely  to  difcovc 
the  firft  principles  of  bodies;  for  there  are  many  fob- 
fiances  which  cannot  be  refolved  into  others  more  fin* 
pie,  and  whofe  component  principles  are  therefore  un- 
known :  yet  thefe  fubftances,  though  not  fu fee ptible  oi 
analyfis,  admit  of  combination,  and  ad:  upon  other  bo- 
dies; and  therefore  it  appears  evident,  that  the  chid 
defign  of  chemiftry  is  to  difcover  the  mutual-a&ions  oi 
natural  bodies,  to  diftinguifli  the  order  of  their  combi- 

nations 


Application  to  the  Arts.  y 

nations,  and  to  eflimate  the  ftrength  of  that  mutual  at* 
traction  which  gives  them  a  tendency  to  unite  and  to 
remain  in  union, 

§  IL  Concerning  the  ufcful  Purpofes  to  which  Chemijlry 

may  he  applied* 

A  Particular  treatife  would  be  neceflary  to  give  a 
full  view  of  all  the  advantages  which  mankind 
derive  from  this'  fcience.  As  the  defign  of  this  work 
docs  not  admit  of  our  entering  minutely  into  that  fub~ 
jeft,  we  (hall  content  ourfelves  with  exhibiting  its  out- 
lines; infilling,  however,  more  particularly  on  fuch  of 
them  as  appear  not  to  have  been  hitherto  confidered 
vith  all  the  attention  which  they  defcrve. 

Chemiftry  is  beneficial  to  fo  many  of  the  arts,  that  we 
may  arrange  them  all  under  two  divifions :  the  firft, 
comprehending  all  the  mechanical  arts  which  depend 
on  the  principles  of  geometry  ;  the  fecond,  including 
all  thole  which  depend  upon  chemiftry,  and  therefore 
merit  the  name  of  chemical  arts.  Thefe  lad  are  much 
more  numerous  than  the  other.  As  they  are  all  found- 
ed on  chemical  phenomena,  it  is  eafy  to  fee  that  the 
praftice  of  them  ought  to  be  regulated  by  the  rules  of 
chemiftry  j  which,  by  new  difcoveries,  Amplifies  the 
proceffes,  renders  their  fuccefs  more  certain,  and  even 
extends  the  limits  ef  all  the  arts  dependant  upon  it. 
Thefe  are,  \fi%  The  arts  of  making  bricks,  tiles,  china, 
porcelain,  and  the  other  fpecies  of  earthen  ware  ;  all  of 
*hich  are  preparations  of  different  kinds  of  clay,  baked 
Mto  different  forms,  and  expofed  to  the  action  of  heat 

A4 
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till  each  may  have  acquired  its  proper  degree  of  hard* 
nefs.  Q.dfyt  The  art  of  making  glafs ;  which,  by  com- 
bining  a  vitrifiable  earth  with  a  faline  fubftance,  produ- 
ces  a  new  body,  hard,  t ran f parent,  and  almoft  impreg- 
nable by  the  action  of  the  air :  A  wonderful  art,  from 
which  mankind  have  derived  many  important  advanta- 
ges !  $d/y9  The  arts  of  extracting  metals  from  their  ores, 
©f  calling,  of  purifying,  and  of  alloying  them  by  mixture, 
owe  alfo  their  origin  and  progrefs  to  chemiftry,  which 
1$  daily  throwing  new  light  upon  them.  4/Wy,  The  ve* 
getable  kingdom  affords  materials  to  a  great  number  of 
arts,  which,  as  well  as  thofe  above-mentioned,  belong 
to  the  province  of  chemiftry.  The  arts  of  converting 
face h a rine  juices,  or  farinaceous  fubftances,  into  vinous 
liquors ;  of  extracting  from  thefe  liquors  the  ardent  fpi« 
rit  which  they  contain;  of  feparating  that  fpirit  from 
the  water  with  which  it  is  at  firft  combined ;  of  uniting 
this  ardent  fpirit  with  the  aromatic  parts  of  plants  ;  of 
extracting  the  colouring  matter  of  plants,  and  applying 
it  fo  as  to  tinge  (tuffs j  and,  laftly,  the  arts  of  convert- 
ing wine  into  vinegar,  and  combining  vinegar  with  va- 
rious fubilances;  of  feparating  from  grain  and  other 
parts  of  vegetables  that  precious  fubftance  of  which  we 
form  bread  j  and  of  converting  fo  dry  and  inlipid  a  bo- 
dy as  meal,  into  a  light,  digeitible,  and  pleafant  fub- 
ftance ;  all  thefe  arts,  and  many  more,  which  our  pre- 
ient  limits  allow  us  not  to  take  particular  notice  of,  be- 
long to  the  province  of  chemiftry,  and  are  indebted  to 
thisfcience  for  their  prefent  perfe&ion,  and  in  many  in* 
ftancesfor  their  firft  invention  *. 

H 

*  The  art  ofb'cachmg  is  wholly  chemical. — It 
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It  has  equal  claims  to  the  honour  of  being  the  miftrefs 
or  parent  of  all  thofe  arts  which  are  employed  on  animal 
fubftances.    Such  is  the  ufeful  art  of  cookery ;  the  true 
end  of  which  is   not  to  flatter  the  palate,  or  to  va- 
ry the  forms  and  flavours  of  meats,  for  .the  gratifica- 
tion of  capricious  tafte ;  but  to  render  aliments  eafy  of 
digeftion,  by  means  of  boiling,  or  by  applying  to  them 
mild  and  natural  feafoning.    Hat-making,  and  the  draf- 
ting, tanning,  and  currying  of  leather,  belong  to  the 
fame  clafe  of  arts.     But  one  of  the  mod  valuable  of  all 
the  arts,  which  indeed  occupies  a  middle  rank  between 
the  arts  properly  fo  called,  and  the  fciences,  and  to 
which  chemiftry  is  Angularly  ufeful,  is  pharmacy.     £- 
teiy  perfon  concerned  in  pharmacy  needs  a  very  ex  ten- 
five  knowledge  of  chemiftry,  that  he  may  not  be  igno- 
rant of  thofe  alterations  to  which  the  bodies  he  makes 
ufe  of  are  fubjed ;  may  know  how  to  prevent  or  cor- 
itft  foch  alterations ;  may  be  enabled  to  difcover  the 
changes  which  compound  medicines  undergo;  and,  ia 
a  word,  may  forefee  readily  the  combinations  or  analy- 
fctthat  may  be  produced  by  the  mixture  of  any  fimple 
drugi.    Every  impartial  perfon  muft  agree,  that  to  ac- 
quire a  competent  lkill  in  pharmacy,  the  ftudent  ought, 
•her  acquainting  himfelf  with  the  natural  hiftory  of  the 
BWeria  medica,  to  turn  his  attention  to  chemiftry,  and 
ftudy  it  with  the  moft  earneft  afliduity .    By  thei'e  means 
^XiCan  pharmacy  be  pra&ifed  on  certain  principles,  fo 
18  to  render  to  mankind  thofe  important  fervices  which 
CQtitle  it  to  the  high  rank  it  holds  among  the  arts  *. 

A 

■ft  ii  probable  that  agriculture  may  be  greatly  benefited  tyf  tl\* 


jo  To  Natural  Hi/lory. 

A  very  curfory  view  of  the  fciences  will  be  ft 
to  convince  us  of  \*hat  important  benefits  th< 
derive  from  chemiftry.  To  natural  hiftory  it  i 
liarly  beneficial.  The  earlier  naturalifts  employ 
phyfical  properties  of  colour,  form,  confiftency, 
the  diftinguiftiing  charafleriftics  of  minerals :  bi 
properties  being  very  liable  to  variation,  the  b< 
which  ancient  philofophers  have  fpoken  are  no 
known,  and  their  difcoveries  are  almoft  total 
The  moderns  have  become  fenfibleT  that,  in  o 
obviate  this  inconvenience  fo  fatal  to  the  pro 
natural  hiftory,  fome  new  method  mud  be  a 
Chemical  analylis  has  been  thought  the  happi 
can  be  employed ;  and  by  this  method  fuch  j 
has  already  been  made,  that  minerals  are  now 
ed  in  clafies  according  to  the  nature  and  quae 
the  principles  of  which  they  are  compofed.  T 
grefs  made  in  this  branch  of  natural  hiftory  is 
to  the  labours  of  Meflrs  Bergman,  Bayen,  Monm 
Wallerius,  Cronftedt,  and  fome  other  naturalif 
began  the  arrangement  of  mineral  bodies  accon 
their  chemical  properties.  M.  Bucquet,  in  bis 
courfes  of  le&urfcs,  had  improved  on  the  ideas  o 
two  celebrated  naturalifts;  and  his  mode  of  a 
ment  was  entirely  chemical.  M.  Sage,  who  hi 
lyfed  a  great  number  of  minerals,  has  alfo  emp] 
chemical  mode  of  arrangement :  and  though  no  < 


application  of  chemiftry  to  difcover  the  operation  of  manures ^ 
principle  of  fmility  in   foils.     Lord  Dundoni/d's  late  work, 
JTirwtm'sefay  in  the  Tranfaflions  of  the  Royal  It  ijh  Academy; 
aLic  attempts  in  this  way. — R. 
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has  adopted  the  whole  of  his  theory,  yet  mineralogy 
owes  to  him  the  higheft  obligations ;  and  few  in  France 
have  purfued  the  ftudy  with  greater  induftry  and  fuccefs. 
M.Daubenton  has  availed  himfelf  of  the  labours  of  all  his 
cotemporaries  and  predeceflbrs ;  examining  them,  how- 
ever, with  a  degree  of  caution  worthy  of  the  true  phi- 

* 

lofopher,  whofe  proper  objed  is  to  difcover  truth  amid 
that  maze  of  error  and  uncertainty,  in  which,  unfortu- 
nately for  mankind,  it  is  too  often  concealed.  No- 
thing, then,  can  be  more  certain  than  the  utility  of 
chemiftry  to  natural  hiftory ;  it  affords  the  only  means 
of  removing  that  obfeurity  and  uncertainty  which  muft 
ever  attend  fimple  defcriptions  of  natural  objects.  One 
obfervation  of  M.  Daubenton  merits  the  particular  at- 
tention of  all  chemical  philofophers  :  He  advifes  them 
todefcribe  carefully  the  fpecimens  on  which  they  make 
their  experiments,  in  order  that  they  may  be  generally 
underftood  by  naturalifts,  and  may  avoid  that  confu- 
fion  which,  according  to  this  celebrated  profeflbr,  pre- 
vails through  the  works  of  many  modern  chemifts. 
The  only  means  which  I  have  found  proper  for  avoid- 
ing that  confufion,  is,  to  connect  the  two  fciences  in 
my  leftures,  by  uniting  phyfical  defcriptions  of  bodies 
with  an  account  of  their  chemical  properties. 

But  the  world  are  not  fo  generally  convinced  of  the 
trfcfulnefs  of  chemiftrv  in  medicine.     The  errors  of  the 

m 

chemical  phyficians  of  the  lad  century,  and  the  indif- 
ference of  a  number  of  medical  practitioners  for  this 
fcience,  have  imprtrfiod  many  with  an  unfavourable 
opinion  of  it,  which  time  alone  can  remove.  Yet,  it 
Would  furely  be  better  not  to  lend  an  ear  to  the  voice  of 
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prejudice,  but  to  inquire  caftdidly  into  the  caufes  o 
tbofe  miftakes  which  chemift9  have  committed,  and  t< 
coniider  by  what  means  tbey  may  be  for  the  futur 
avoided,  and  tbe  fcience  reftored  to  its  juft  honour* 
Though  tbe  firft  phyficians  who  cultivated  cbemiftr] 
were  milled  by  a  blind  enthufiafm ;  yet  from  that  m 
inferences  can  be  drawn  applicable  to  the  chemiftry  d 
the  prefent  time.  The  precifion  which  the  modern* 
have  introduced  into  every  part  of  experimental  philo- 
sophy, cannot  but  remove  all  the  apprehepfions  which 
might  be  entertained,  if  chemiftry  were  ftill  involved 
in  the  fame  degree  of  myftery  and  obfeurity  in  whick 

t 

it  was  a  century  ago.  If  employed  with  caution,  and 
with  a  due  regard  to  the  extent  of  its  powers,  it  cannot 
but  be  highly  beneficial  to  medicine.  After  thus  «c» 
knowledging  the  whims  and  blunders  of  chemifts,  let 
us  proceed  to  juftify  the  fcience,  by  examining  how  fir 
it  is  ufeful  to  every  branch  of  medicine.  Let  us  firft 
diftinguifli  between  the  two  great  departments  of  thip 
*xtenfive  fcience,  namely,  the  theory  and  the  pra&kxj 
which,  however,  ought  not  to  be  entirely  feparated 
from  each  other,  as  they  have  been  by  forae  author! 
The  ftudy  of  medicine  ought  always  to  begin  with  the 
anatomy  of  man  and  the  other  animals.  But  thefolidf 
urc  the  only  part  of  the  animal  frame  fubje&  to  the  ex- 
amination of  anatomy  ;  while  it  is  well  known  to  phy* 
fiologitts,  that  the  greateft  part  of  animal  bodies  confifb 
of  fluids,  by  the  motion  of  which  life  is  maintained* 
Were  we  then  to  confine  our  obfervation  to  the  ftruduft 
of  the  vefiTds,  without  examining  the  nature  and  pro* 
pcrties  of  the  fluids  which  they  contain,  we  ftould  be 
3  acquainted 
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acquainted  with  only  one  part  of  the  animal  fyftem. 
It  is  the  bufinefs  of  chemiftry  to  explain  to  us  the  qua- 
lities of  thefe  fluids :  chemiftry  affords  the  only  means 
by  which  we  can  acquire  a  knowledge  of  the  principles 
of  which  they  are  compofed,  and  of  the  changes  which 
thtfy  undergo  in  performing  thofe  functions  by  which 
they  contribute  to  the  fupport  of  life.  Without  the  aid 
of  this  fcience,  it  would  be  impoffible  for  us  to  di (cover 
the  mecbanifm  of  the  animal  fun&ions ;  to  diftinguifh 
between  the  various  fluids  Separated  by  the  different  vif- 
cm;  toobferve  what  alterations  thefe  fuffer  when  col- 
lected in  their  feveral  refervoirs  ;  or  to  underftand  how 
they  are  affeded  by  heat,  cold,  or  mixture  with  other 
fluids,  &c.  When  we  are  thus  far  acquainted  with  the 
compofition  of  animal  fluids,  it  will  next  be  proper  to 
examine  what  variations  they  are  liable  to,  from  diffe- 
fences  of  fex,  age,  conftitution,  climate,  and  feafon  ; 
tod  to  trace  them  through  the  various  fpecies  of  ani- 
mals. Thus  (hall  we  eftablilh  certain  points  of  compa- 
nion, by  means  of  which  the  limits  of  fcience  may  be 
^tended.  It  is  not  enough,  however,  to  examine  the 
chemical  properties  of  the  animal  fluids  when  the  fyftem 
*io  a  found  (late :  they  fliould  be  obferved  with  no  lefs 
attention  when  the  body  languifhes  under  difeafe,  in 
order  that  it  may  be  certainly  difcovered  what  altera* 
tioiu  they  fuffer  in  the  various  diftempers  to  which  the 
toman  frame  is  liable ;  wbat  part  of  the  humours  pre- 
dominates in  putrid,  inflammatory,  fcorbutic,  or  fcro- 
phulous  diforders ;  what  faline  combinations  are  formed 
during  the  progrefs  of  the  diftemper ;  what  matter  ex- 
truded from  its  proper  veflels.    Such  refearches  cannot 
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fail  to  make  phyficians  better  acquainted  with  the  hiC 
tory  of  pathology.  We  think  it  equally  neceflary  tc 
examine  the  folids  by  chemical  methods,  in  the  found 
as  well  as  in  the  difeafed  ftate  of  the  body;  that  bj 
confidering  their  properties,  we  may  difcover  from  what 
fluid  they  are  produced  ;  and,  this  known,  may  con- 
je&ure  upon  good  grounds,  what  folid  or  fluid  has  fu£ 
fcred  alteration  in  any  diftemper.  This  pofition,  which 
is  here  but  {lightly  mentioned,  will  be  more  particular- 
ly explained  in  the  chapters  on  Animal  Matters. 

But  chemitlry  is  no  lefs  ulefui  to  the  pra&ice  than  to 
the  theory  of  medicine;  nor  can  it  indeed  be  ufeful  to 
the  one  without  promoting  the  other  at  the  fame  time. 
It  will,    therefore,  be  no  difficult  talk  to  fhow  the  de- 
pendance  of  the  pra&ice  upon  the  fcience.     To  begin 
with  the  art  of  preferving  health  ;  an  accurate  chemK 
cal  knowledge  of  the  various  articles  of  food,   and  of 
the  aimofpheric  fluid,  is  neceflary  to  enable  us  to  make 
a  proper  choice  of  air  and  aliments.     By  chemiftry  we 
learn  what  quantity  of  nutritive  matter  is  contained  in 
every  ditferent  article  of  food ;  in  what  particular  ftate 
that  matter  ex  ills  in  each  of  the  bodies  in  which  it  is 
found  ;  the  nature  of  the  ieveral  fubftances  with  which 
it  may  be  combined  ;  and  the  means  of  ex  trading,  pu- 
rifying, and  preparing  it  in  a  manner  fuitable  to  tte 
ttrength  or  weaknefs  of  different  ftomaohs.     It  is  the 
fame  fcience  that  explains  to   us  the   nature  of  thofe 
fluids  which  we   uie  to  drink  ;  what  properties  render 
water  wholcfome  or  noxious,  and  how  to  ftp  a  rate  fcoa* 
it  whatever  may  render  it  injurious  to  the  animal  (Eco- 
nomy ;  what  are  the  principles  of  fermented  liquor*, 

and 
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and  in  what  proportion  thofe  are  mingled  together  in 
the  federal  kinds  of  wine  ;  as  alfo  by  what  procefles  we 
may  diftinguifh  whether  wine  be  genuine  or  adultera- 
ted.    Laftly,  by  the  fame  means  we  learn,   what  pro- 
perties render  air  fit  for  refpiration  ;  to  what  changes 
this  fluid  is  liable  ;  and  what  other  fubftances  are  ca- 
pable of  altering  its  purity,  by  entering  into  combina- 
tion with  it.     Chemiftry  likewife  fupplies   us  with  the 
happy  means  of  correcting  the  qualities  of  air  when 
noxious,  fo  as  to  reftore  it  to  that    flate  in  which  it  is 
proper  for  refpiration :  for  the  djfeovery  of  which  means 
we  are  indebted  to  the  induftry  of  the  moderns,  as  will 
be  fhown  in  the  Hiftory  of  Air  *. 

The  phyfician  ought  not  to  make  ufe  of  medicines 
onlefs  he  know  their  nature  ;  and  this  knowledge  he 
ffluft  learn  from  chemiftry.  This  has  been  fo  long  ge- 
nerally acknowledged,  that  the  writers  of  the  materia 
toedica  arrange  medicines  by  their  chemical  properties. 
The  uniform  experience  of  all  ages  has  eftablifhed  it  as 
a  certain  truth,  that  there  is  a  clofe  and  natural  relation 
between  the  tafte  of  bodies  and  the  manner  in  which 
they  ad  on  the  animal  oeconomy  ;  fo  that  by  tailing 
any  fubftance  we  may  judge  of  its  medicinal  qualities  : 
Bitters  are  ftomachic  ;  infipid  fubftances,  mild  and  re- 
laxing; bodies  of  an  agreeable  fweet  tafte,  nutritious  ; 
f  acid 

*  The  application  of  aeriform  fluids  to  the  cure,  particularly  of  ccn» 
fi*}<t<M  and  cancer  ;  which  has  been  attempted  in  Britain,  by  Drt. 
*W*i,  Ewari,  Darwin,  and  others ;  if  finally  fuccefsful  in  fuch  a 
"mber  of  unequivocal  cafes,  as  may  recommend  it  to  the  practice  of 
Fyficians  in  general ;  will  greatly  enlarge  the  range  of  the  uivUvj  o£ 
^    wetiijljy  is  medicine. — H. 
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acid  fubftances,  adive,  penetrating,  and  incifive.  Bt 
as  tafte  is  undeniably  a  chemical  property,  dependin 
on  the  tendency  of  fubftances  to  combination,  as  (ha 
be  elfe where  fhown,  we  mud  confefs  ourfelves  indebtc 
to  chemiftry  for  whatever  knowledge  of  the  property 
of  bodies  we  can  gain  by  examining  their  tafte.  Yet 
would  be  abfurd  to  fuppofe,  with  the  chemical  phyj 
cians  of  the  laft  century,  that  the  ftomach  is  a  veffel  i 
which  chemical  procefles  are  carried  on,  as  in  a  labor? 
tory.  The  inteftines  poffefs  indeed  fenfibiliry  and  a  p< 
culiar  motion,  which  modify  the  nature  and  operatic 
of  fuch  medicines  as  are  adminiftered  ;  but  it  become 
the  phyfician  to  reprefs  thofe  wild  fallies  of  imagioatio 
which  lead  to  ridiculous  hypothefes,  and  to  admit  onl 
fuch  fads  as  are  eftablifhed  by  accurate  obfervation.  ] 
cannot  be  denied,  that/  in  fome  cafes,  medicines  ad  i 
the  fir'ft  paflages  by  means  of  their  chemical  properties 
then,  indeed,  the  phyfician  may  apply  his  chemica 
knowledge.  Long  experience  has  fhown,  that  in  tb< 
difeafes  peculiar  to  children,  the  ftomach  and  inteftioei 
are  coated  with  a  tenacious  vifcid  matter,  which  is  ma' 
nifeiily  of  an  acid  nature.  The  abforbent  earths,  and 
alkalis  adminiftered  on  fuch  occafions,  deftroy  this  acid 
by  entering  into  combination  with  it,  and  form  a  neu- 
tral purgative  fait,  which  by  ftimulating  the  hue  ft  iocs, 
caufes  them  to  evacuate  the  noxious  matter.  All  dif- 
eafes that  occafion  an  accumulation  of  obftru&ive  mat- 
ter  in  the  primary  paflages,  require  the  phyfician  to 
poflefs  Line  chemical  knowledge  ;  as  it  is  certain  that 
fome  fubftances  will  ad  with  more  force  than  others  on 
that  obitrudive  matter.     Thus,  for  inftance,  acids  may 
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be  adrainiftered  tp  remove  one  kind  of  ob  ft  ruction,  and 
i  folutioo  of  falts  for  another. 

Bat  the  greateft  advantage  which  the  pra&itioner  of 
medicine  can  derive  from  chemiftry,  is  on  thofe  alarm- 
ing occafioDS  when,  by  accident  or  defign,  fome  of 
tbofe  corrofive  fubftances  have  been  fwallowed,  which 
prove  fatal  to  life  by  attacking  the  vifcera,  and  de- 
ftrojing  their  organization.  On  fuch  occafions  chemif- 
try  lends  the  readied  and  mod  effectual  aid  to  medi- 
cine, by  fupplying  fubftances  which  have  power  to  de- 
compofe  the  poifon,  and  by  that  means  obviate  its  dire- 
ful effedts.  Navier,  a  celebrated  medical  chemift  of 
Chalons,  has  publifhed  a  work,  in  which  he  points  out 
effectual  remedies  to  prevent  the  deftruttive  effe&s  of 
the  poifon s  of  arfenic,  corrofive  fublimate,  verdegris, 
or  the  preparations  of  lead.  Notwithftanding  the  an- 
gry declamations  of  fome  phyficians,  who  feem  deiir- 
ous  of  excluding  the  fciences  from  the  practice  of  medi- 
cine, his  work  well  deferves  the  gratitude  of  pofterity. 
Not  only  does  chemiftry  at  prcfent  enable  us  to  coun- 
tend  effe&ually  the  operation  of  mineral  poifons ;  but 
there  is  even  reafon  to  hope,  that  careful  inquiries  into 
the  nature  of  animal  and  vegetable  poifons,  may  enable 
w  to  difcover  fome  fubftances  capable  of  di veiling  them 
alio  of  their  pernicious  powers.  Opium,  and  all  narco- 
tic vegetables,  the  acid  andcauftic  juices,  fuch  as  thofe 
nffpurge  and  euphorbium,  the  noxious  plants,  parti- 
cularly muihrooms,  are  all  well  worthy  of  the  particu- 
hr  attention  of  the  chemift  :  as  by  his  refearches  fome 
'Deans  may  polfibly  be  difcovered  which  may  render 
them  hereafter  lefs  dangerous.  It  is  of  no  lef>  impor- 
tance to  examine  the  nature  of  animal  poifons.     From 
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the  experiments  of  Margraaf  and  Fontana  we  are  \ 
ready  acquainted  with  the  acid  of  ants  :  Thouver 
has  difcovered  feveral  acrid  fubftances  in  cantharide 
Mead  has  examined  the  venom  of  the  viper  :  Fonta 
has  purfued  a  train  of  inveftigation  concerning  the  fat 
poifon ;  and  has  difcovered,  that  lapis  caujlicus,  inti 
duced  immediately  into  the  wound  made  by  this  re 
tile,  decompofes  the  poifon,  and  prevents  its  effefts. 

Did  chemiftry  even  contribute  lefs  in  thefe  inftanc 
to  the  benefit  of  medicine;  yetftillby  fupplyingfuc 
a  number  of  valuable  drugs,  ihe  muft  be  confeffed' 
render  fervices  of  the  higheft  importance  to  this  ufef 
fcience.  Stibiated  tartar,  together  with  the  varioi 
mercurial,  antimonial,  and  martial  preparations,  whic 
are  fo  often  and  fo  fuceefs fully  prefcribed,  when  con 
iidered  as  the  gifts  of  chemiftry,  muft  furely  indue 
phyficians  to  efteem  the  fcience,  and  to  encourage  thof 
who  profecute  chemical  refearches  from  adefire  to  coo 
tribute  to  the  advancement  of  medicine.  As  for  my 
felf,  the  natural  bent  of  my  genius,  no  lefs  than  m; 
particular  fituation,  leads  me  to  cultivate  both  the! 
feiences  with  the  moll  earneft  wifhes  to  promote  the 
improvement.  The  declamations  of  thofe,  who  froi 
their  ignorance  of  chemiftry,  are  induced  to  reprefe( 
it  as  of  no  utility  in  medicine,  {hall  never  detach  u 
from  its  purfuits.  I  have  engaged  with  ardour  in  tt 
ftudy  of  animal  chemiftry,  and  am  determined  to  fo 
low  the  fteps  of  thofe  who  have  already  profecuted 
with  fo  much  fuceefs. 

To  conclude  our  observations  on  the  utility  of  cln 
fniftry  to  medicine  ;  we  {hall  only  add,  that  a  certfti 
decree  of  chemical  knowledge  is  abfolutcly  neceflacy  1 
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enable  the  phyfician  to  make  out  a  prefcription  of  any- 
compound  medicine,  to  be  prepared  by  the  apotheca- 
ry. Perfons  unfkilled  in  chemiftry  are  liable  to  com- 
mit the  grofieft  blunders  daily  in  making  out  prefcrip- 
tioos;  to  order,  for  inftance,  the  compofition  of  fubftan- 
ces  incapable  of  fubftfting  in  union,  or  which  have  a 
mutual  tendency  to  decompofe  one  another.  In  the 
cafe  of  decompofition,  the  medicine  adminiftered  can- 
lot  poffibly  produce  the  defired  effects.  Che  mi  dry 
fbroilhes  the  only  means  to  prevent  fuch  blunders ; 
which  are  often  attended  with  the  mod  unhappy  confe- 
rences. If  poflefled  of  chemical  knowledge,  we  will 
nerer  attempt  to  compound  together  fubftances  inca- 
pable of  mutual  combination  ;  the  laws  of  chemiftry 
Jnuft  always  dircd  us  in  the  preparation  of  compound 
medicines.  Without  a  knowledge  of  chemiftry,  the 
phyfician  muft  ever  be  liable  to  commit  numerous 
blunders  ;  which,  though  they  (hould  be  followed  by 
fio  other  bad  confequences,  cannot  but  expofe  him  to 
the  contempt  of  the  apothecary  ;  as  the  pra&ice  of  the 
apothecary  naturally  makes  bim  acquainted  with  many 
chemical  fa&s. 

The  ufefulnefs  of  chemiftry  in  the  arts,  and  the  re- 
fanblancc  of  its  procefles  to  the  manipulations  of  artifts, 
have  caofed  it  to  be  confounded  fome times  with  alche- 
my, feme  times  with  pharmacy ;  though  tbey  muft  be 
Tc7  ignorant  indeed,  who  can  thus  confound  objefts 
fo  widely  different  from  one  another,  and  can  regard 
the  chemift  as  a  fanciful  projedor,  unweariedly  em- 
ployed in  a  vain  fearch  for  the  philofopher's  (lone. 
Even  a  very  flight  attention  to  the  nature  and  purfuits 
tf  chemiftry,  may  be  fufficient  to  convince  any  petfotv 
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that  there  is  a  vaft  difference  between  thofe  purpofe 
which  the  chemift  purfues  in  a  train  of  regular  connec 
ted  refearches,  and  the  tranfmutations  which  the  a] 
chemift  pretends  to  efled  by  a  fet  of  abfurd  and  deful 
tory  procefles     That  millake  which  leads  many  peopl 
to  regard  chemillry  as  the  art  of  preparing  drugs  is  mon 
excufable  ;  it  confounds  not  the  chemift  with  the  igno 
rant  and  infignificant  operators  of  the  Great  Work 
who,  as  is  humoroufly  obferved  by  Macquer,  are  the 
artifans  of  an  art  which  has  no  exiftence  ;  but  aflbciatef 
him  with  a  clafs  of  ufeful  and  refpedabie  art  ids,  whofe 
labours  are  of  high  importance  to  fociety.  Yet  as  phar- 
macy is  but  one  branch  of  chemiftry,  to  confine  che- 
miftry  to  the  making  up  of  medicines,  is  to  entertain  a 
very  unjuft  idea  ot  the  extent  of  the  fcience.     Pharnuu 
cy9  as  well  as  all  the  other  arts  dependant  on  chemifhy, 
is  guided  and  affifted  in  its  operations  by  this  fcience 
But  chemiftry,  in  its  nature  and  objedts,    is  more  Cub* 
lime  and  extenfive j  it  extends  its  inquiries  and  indue* 
tions  to  the  reciprocal  adion  of  all  the  bodies  in  nature; 
and  thus  contributes  at  the  fame  time  to  tlje  advance- 
ment of  both  philofophy  and  the  arts. 
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CHAP.       II. 

The  Hiftory  of  Cbemijlry. 

Eftudent  of  any  fcience  fhould  make  himfelf  ac« 
uainted  at  lead  with  the  outlines  of  its  hi  (lory.  A 
rdge  of  the  leading  fads,  -and  of  the  dates  of  dif- 
difcorerie*,  will  be  of  ufe  to  enable  him  to  avoid 
ors  of  thofe  who  have  preceded  him  in  the  fame 
s,  and  to  dired  him  to  the  path  which  leads  to 
ement.  But  as  a  very  minute  detail. of  the  hi- 
f  chemiftry  might  poffibly  be  con  fide  red  as  an 
flary  digreffion  from  the  main  objed  of  t his  trea- 
5  (hall  confine  ourfelves  to  a  view  of  leading  fads, 
t  entering  into  particulars.  Whoever  is  defirous 
nr  information  concerning  the  rife  and  progrefs 
tniftry,  may  confult  a  variety  of  well-writtea 
■vhich  have  been  publiflied  on  the  fubjed  ;  par- 
y,  the  Treatife  of  Olaus  Borrichius,  de  ortu  et 
Tu  Cbemia;  the  article  Cbimie  in  the  Dittionnairc 
pediquc ;  the  Introdudion  to  Senac's  Treatife  on 
Iry  ;  Abbe  Lenglet  du  Frefnoy's  Hiftory  of  the 
lie  Philofophy  ;  the  firft  Chapter  of  Boerhaave's 
Iry  ;  the  Difcourfe  perfixed  to  Macquer's  Che- 
Didionary ;  Bergman's  llflay  on  the  Hiftory  of 
try,  &c. 

ive  the  reader  a  brief  and  methodical  account  of 
grefs  of  the  human  mind  in  the  ftudy  of  chemif* 
d  of  the  fucceffive  diicoveries  which  have  been 
1  this  fcience ;  we  ihall  divide  our  hiftory  into  fix 

B  3  \. 


32  Orig in  of  Cbemiftry. 


/ 


I. 

The  origin  of  Cbemiftry  among  the  Egyptians,  and  i 

progrefs  among  the  Greeks. 

Thk  origin  of  cbemiftry  is  hid  in  the  fame  obfcurit 
which  conceals  that  of  the  other  arts  and  fciences.  Tl 
patriarch  Tubal-Cain,  who  lived  before  the  flood, 
confidered  as  the  inventor  of  chemiftry  ;  but  the  on] 
part  of  it  known  to  him  was  the  art  of  working  metal 
he  feems  to  have  been  the  lame  with  the  Vulcan  of  £ 
bulous  hiftory. 

We  may  with  more  confidence  afcribe  the  inventioi 
of  this  fcience  to  the  ancient  Egyptians.  According t 
Abbe  Lenglet  du  Frefnoy,  Thoth  or  Athotis,  furnamo 
Hermes  or  Mercury,  is  the  firft  of  this  nation  of  whoi 
mention  is  made  as  being  a  chemift.  He  was  the  fonc 
Mezraim  or  Ofiris,  and  the  grandfon  of  Cham.  He  be 
came  king  of  Thebes. 

Siphoas  was  the  next  Egyptian  monarch,  who  wi 
alfo  diftinguiftied  as  a  philofopher.  He  lived  800  yea 
after  Athotis,  and  1900  before  Jefus  Chrift.  He  is  to 
med  Hermes,  or  Mercury  Trifmegiftus,  by  the  Greeks 
and  is  therefore  the  fecond  Mercury  :  he  is  conficfen 
as  the  inventor  of  natural  philofophy ;  he  wrote  tf 
and  forty  books  on  the  fubjed  of  philofophy,  the  titl 
of  which  have  been  handed  down  to  us  by  various  l 
ftorians.  None  of  them  feems  to  have  treated  direA 
of  chemiftry ;  though  from  him  has  the  fcience  been  i 
titled  the  Hermetic  Philofophy. 

We  know  but  little  concerning  thofe  who  cultivatf 
chemiftry  among  the  Egyptians;  but  the  fcience  a 
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pears  to  have  made  confiderable  progrefs  among  them, 
for  they  pradifed  many  of  the  arts  dependant  on  che- 
miilry ;  particularly  the  arts  of  forming  imitations  of 
the  precious  Clones,  of  catling  and  working  metals,  of 
painting  upon  glafs,  &c. :  but  the  chemiftry  of  this  an- 
cient people  has  been  1<  ft,  as  well  as  their  other  arts 
and  fciences.  The  priefts  involved  them  in  myftery, 
and  concealed  them  under  the  veil  of  hieroglyphics. 
Alchemifts  have  perfuaded  themfelves,  that  fome  vefti- 
gcs  of  their  pretended  art  may  be  traced  among  the  re- 
mains of  the  Egyptian  hieroglyphics ;  and  that  the 
temple  which  the  Egyptians  dedicated  to  Vulcan  was 
creded  in  honour  of  alchemy. 

The  Ifraelites  acquired  a  knowledge  of  chemiftry  from 
the  Egyptians.  Mofes  is  confidered  as  a  chemift,  on  ac- 
count of  his  diflblving  the  golden  idol  which  the  people 
had  fet  up.  It  has  been  thought,  and  Stahl  has  evea 
written  a  difTertation  to  prove,  that  he  rendered  the 
gold  foluble  in  water  by  means  of  liver  of  fulphur. 
Such  a  procefs  fuppofes  a  pretty  extenfive  knowledge 
ofcheraiftxy. 

Democritus  of  Abdera,  who  lived  about  500  years 
hefore  Jefus  Chrift,  travelled  into  Egypt,  Chaldea,  and 
Perfia,  &-c.  and  is  faid  to  have  gained  fome  (kill  in  che- 
miftry in  the  firfi  of  thefe  countries.  Though  the  foil 
of  a  man  whofe  opulence  had  enabled  him  to  enter- 
tain Xerxes  and  all  bis  attendants,  he  returned  very 
poor  to  his  native  country,  where  he  was  kindly  recei- 
ved, however,  by  his  brother  Damaffus.  Retiring  to 
a  garden  near  the  walls  of  the  city  of  Abdera,  he  em- 
ployed himfelf  in  the  ftudy  of  plants  and  precious  Hones. 
Cicero  aflerts,  that  Democritus,  in  order  that  he  might 
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not  be  diverted  from  his  fpeculations  by  external  ob- 
jedls,  deprived  bimfelf  of  fight  by  gazing  on  the  rays  of 
the  fun  reflected  from  a  veflel  of  polifhed  copper :  But 
Plutarch  denies  this  fact.  Pliny  was  fo  amazed  at  the 
knowledge  of  Democritus,  that  he  confidered  it  as  quite 
.miraculous. 

Some  authors  reckon  Cleopatra  a  chemift,  beoaufe 
flie  knew  how  to  diflblve  pearls.  It  is  even  affirmed,, 
that  the  art  of  chemiftry  being  known  to  all  the  Egyp- 
tian priefts,  continued  to  be  pradifed  among  that  na- 
tion till  the  time  when,  according  to  Suidas,  Diocletian 
thought  to' reduce  them  more  eafily  under  fubje&ion,  bjr 
burning  their  books  on  chemiftry. 

II. 

The  Cbemijlry  of  the  Arabians. 

After  a  long  feries  of  ages,  through  which  it  is  im- 
poffible  to  trace  the  progrefs  of  chemiftry  amid  the  re- 
volutions of  empire  ;  this  fcience  again  appears  among 
the  Arabians,  and  cultivated  fo  fuccefsfully  as  to  merit 
our  attention. 

Under  the  dynafty  of  the  Achemides,  or  Abaffides, 
the  fciences,  which  had  long  been  neglefted,  regained 
their  former  vigour.  Almanzor,  the  fecond  Caliph  of 
this  family,  eagerly  cultivated  aftronomy.  Harum 
Rafchid,  the  fifth  Caliph,  who  was  cotemporary  with 
Charlemagne,  caufed  feveral  books  on  chemiftry  to  be' 
tranflated  from  the  Greek  into  the  Arabic. 

In  the  ninth  century,  Gebber  of  Thus,  in  Cborazao, 
a  province  of  Perfia,  wrote  three  different  treatifes  on 
chemiftry;  which  contain  a  number  of  tolerably  good 
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things.  His  mafterpiece  is  entitled,  Summa  perfefiionis 
mgiflerii.  He  has  written  with  confiderable  perfpi- 
cuity  on  diftillation,  calcination,  the  redu&ion  and  the 
(olution  of  metals. 

In  the  tenth  century,  Rhazes,  phyfician  to  the  hofpi- 
tal  of  Bagdad,  firft  applied  chemiflry  to  medicine.  Some 
of  his  pharmaceutic  prefcriptions  are  ftill  in  efteem. 

In  the  eleventh  century,  Avicenna,a  phyfician,  in  imi- 
tation of  Rhazes,  applied  chemiftry  to  medicine.  His 
merit raifed him  to  the  office  of  Grand-Vizir;  but  his  de- 
baucheries occafioned  his  degradation  from  that  office. 

in. 

Cbemijlry  pajes  from  the  Eaft  to  the  TVeJl%  in  the  time  of 
the  Crufades :  Reign  of  Alchemy. 

The  art  of  making  gold  continued  long  in  repute, 
according  to  the  authors  who  have  written  upon  ic 
But  the  madnefs  that  gave  rife  to  it  was  at  its  greateft 
height  between  the  eleventh  and  the  fixteenth  century. 
The  chemical  fads  which  had  been  difcovered  by  the 
Egyptians,  colle&ed  by  the  Greeks,  and  applied  to  me- 
dicine by  the  Arabians,  became  known  to  the  four  na- 
tions who  vifited  the  eaft  in  the  Crufades ;  and  England, 
France,  Germany,  and  Italy,  foon  fwarmed  with  a  fet  of 
fflen  eager  in  fearch  of  the  philosopher's  (tone.  As 
their  labours  contributed  to  ths  advancement  of  che- 
toiftry,  it  is  but  reafonable  to  take  notice  of  fome  of  the 
tooft  diftinguifhed  among  thole  Angular  geniui'es. 

In  the  thirteenth  century,  Albert  the  Great,  a  Domi- 
"scan  of  Gologn,  and  afterwards  of  Ratifbon,  was  repu- 
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ted  a  magician  ;  and  compofed  a  work,  which  contain 
defcriptions  of  many  alchemical  proceffes. 

Roger  Bacon,  born  in  the  year  1214,  near  Ilghefte 
in  the  county  of  Somerfet,  (tudied  at  Oxford,  and  cam 
afterwards  to  Paris  to  profecute  his  ftudies  in  mathema 
tics  and  medicine.  He  is  celebrated  as  the  author  c 
feveral  inventions ;  any  one  of  which  might  well  intitl 
him  to  immortality,  Among  thpfe  are  the  camera  ob 
fcura,  the  telefcope,  and  gunpowder.  He  is  faid  to  hav 
made  a  felf-moving  chariot,  a  flying  machine,  a  fpeakin 
head,  &c.  He  was  a  cordelier,  and  was  firnamed  th 
Admirable  Dottor.  Being  accufed  of  magic,  his  fellow 
were  obliged  to  imprifon  him.  He  afterwards  refidei 
in  an  houfe  in  Oxford,  where  he  is  faid  to  have  workei 
in  alchemy  Borrichius  faw  the  houfe,  which  was  fti! 
known  by  his  name  *. 

Arnold  of  Villeneuve,  born  in  Languedoc  in  124* 
died  in  1310,  having  ftudied  medicine  at  Paris  for  3 
years.  He  wrote  a  commentary  on  the  Schola  Salem 
tana.  The  alchemifts  refpelt  him  as  one  of  their  grea 
eft  matters.  Borrichius,  in  the  year  1664,  faw  one  « 
his  defcendants,  an  alchemift,  in  Languedoc. 

Fourteenth  century.  Raymond  Luliy,  born  in  Majo 
ca  in  1235,  came  to  Paris  in  1281;  where  he  becair 
acquainted  with  Arnold  of  Villeneuve,  and  ftudied  u* 
der  him.  Robert  Conftantine  relates  that  he  had  fee 
in  the  Tower  of  London,  a  Rofe  Noble  ftruck  out  * 
gold,  made  by  Lully,  under  the  reign  of  Edward  V.  i 

tfc 

*  Concerning  this  houfe,  if  I  miftakenot,  a  tradition  has  been  Io>* 
known  at  Oxford  ;  that  when  a  greater  man  than  Roger  Bacon  pail 
beneath  it,  it  will  tumble  down  upon  his  head.  It  ftands  on  a  brid£ 

"  And  Bacon's  manfion  txcm\Aw  tf«  YnaYuud."  Johhsow.— I 


Alchemy.  zj 

the  yean  13 12  and.  13 13.  He  has  left  feveral  books  on 
alchemy,  which  contain  fome  fads  relative  to  the  prepa- 
ration of  acids,  or  aquafortis,  and  the  properties  of  metals. 
Fifteenth  century.  Bafilius  Valeminus,  a  Benedic- 
tine of  Erfort  in  Germany,  was  (killed  in  medicine  and 
natural  hiftory.  He  has  left  a  work  on  antimony,  un- 
der the  pompous  title  of  Cur  r  us  triumph  alts  Antimonii, 
on  which  a  commentary  has  been  written  by  Kerkrin- 
gios.  This  book  defcribes  a  confiderable  number  of 
antimonial  preparations,  which  have  been  fince  offered 
to  the  world  as  new-difcoveries,  under  different  names, 
and  have  been  prefcribed  with  great  fuccefs  for  the  cure 
of  feveral  diforders. 

The  two  Ifaacs  of  Holland,  father  and  fon,  though 
but  little  known,  have  left  fome  treatifes  which  are 
praifed  by  Boerhaave,  and  from  which  they  appear  to 
Jiave  been  acquainted  with  aqua  fortis  and  aqua  regia. 

All  thefe  authors  have  written  on  chemiftry  in  a  ve- 
ry obfeure  confufed  manner.  Though  acquainted  with 
fome  procefles  of  folution,  extraction,  and  purification, 
&c.  their  pretenfions  rofe  much  higher  than  their  know- 
ledge; and  fcarce  any  advantage  can  be  derived  from  a 
perufal  of  their  works. 

• 

IV. 

The  univerfal  Medicine ;  Pharmaceutic  Chemiftry  ;  Al- 
chemy oppofedrfrom  the  fix  tee  nth  to  the  middle  of  the 
Seventeenth  Century. 

Though  the  vain  proje&s  of  the  alchemifts  had  been 
invariably  unfuccefsful,  and  had  been  almoft  always  at- 
tended with. the  loft  of  fortune  and  reputation  \  yet/\tv 
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the  fixteenth  century,  a  prodigious  number  appeared 
at  the  head  of  whom  was  Paracelfus,  a  Swifs  pbyfician 
born  at  Zurich  in  1493,  whofe  reveries  were  eagerly  em 
braced  by  the  reft.  This  fanciful  man  after  ted,  tha 
there  was  an  univerfal  medicine,  and  fubftituted  chemi 
cal  preparations  in  the  place  of  the  Galenical  pharmacy 
then  in  ufe.  He  cured  many  difeafes  in  which  the  or 
dinary  remedies  had  been  inefFe&ually  applied,  and  par 
ticularly  venereal  complaint*  with  mercurial  prepara 
tions.  He  performed  fome  very  furprifing  cures ;  bu1 
became  fo  extravagantly  flufhed  with  his  fuccefs,  as  tc 
burn  in  public  the  writings  of  the  Greek  phylicians.  H( 
died  amid  his  imaginary  triumphs  in  an  inn  in  Saltz 
burgh,  at  the  age  of  48,  after  having  promifed  himfelJ 
immortality  from  the  ufe  of  his  fecrets. 

Notwithftanding  the  extravagance  and  abfutdity  oi 
his  idea  of  an  univerfal  medicine,  it  attra&ed  the  atten- 
tion of  alchemifts,  and  revived  the  fpirit  of  alchemy, 
Several  imagining  that  they  had  difcovered  the  univer 
fal  medicine,  aflumed  the  new  title  oi  Adepts.  Among 
thefe  were,  at  the  beginning  of  the  feventeenth  century, 

1.  The  Roficrucians,  a  fraternity  that  arofe  in  Ger- 
many, were  never  known  but  by  name  in  France,  and 
whofe  individual  members  never  made  any  public  ac- 
knowledgement of  their  principles  :  They  pretended 
to  be  in  pofleffion  of  the  art  of  tranfmutation,  the  uni- 
verfal fcience,  the  univerfal  medicine,  and  the  feience 
of  occult  things,  &c  : 

2.  A  wandering  fellow,  named  Alexander  Sethon 
or  Sidon,  who  is  faid  to  have  performed  the  work  ol 
tranfmutation  in  Holland,  in  the  prefence  of  a  perfofl 
of  the  name  of  Haufien :  Haufien  related  the  fad  to 

Wadei 
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Vander  Linden,  grandfather  to  the  phyfician  of  that 
name,  who  collected  a  medical  library  : 

3.  Another  named  Thomas  Vaughan,  born  in  Eng- 
land in  1612.  He  went  to  America,  where  Starkey 
law  and  received  gold  from  him.  Boyle  correfponded 
with  him.  This  is  the  fame  adept  who,  in  France,  gave 
his  powder  of  projection  to  Helvetius.  The  latter,  in  con- 
fequence  of  this  pretended  miracle,  which  was  nothing 
but  a  trick,  wrote  a  diflertation  De  Vitulo  aurco.  See. 

Yet  the  fuccefs  with  which  Paracelfus  had  prefcribed 
his  chemical  medicines,  induced  a  number  of  phyflcians 
to  cultivate  that  new  art ;  and  in  a  fhort  time  feveral 
valuable  works  appeared  on  the  preparation  of  chemical 
medicines.  Such  are  the  works  of  Crollius,  Schroder, 
Zwelfer,  Glafer,  Tackenius,  Lemery,  &c;  as  well  as 
the  pharmacopoeias  publifhed  by  the  principal  faculties 
of  medicine  in  Europe.  About  this  time  Glauber,  a 
German  chemift,  rendered  an  important  fervice  to  his 
art,  by  examining  the  refidues  of  operations,  which 
had  hitherto  been  always  thrown  afide  as  ufclefs,  and 
diftinguiftied  by  the  name  of  caput  mortuum,  or  terrck 
damnata.  He  difcovered  by  this  means  the  neutral 
tit  which  bears  his  name,  and  the  ammoniacal  vitrio- 
lic felt,  and  explained  the  chemical  procefTes  neceffary 
to  preparing  mineral  acids,  &c. 

Several  of  thofe  who  have  contributed  to  the  ad- 
vancement of  chemiftry  fince  the  days  of  Paracelfus, 
*ere  not  fully  convinced  of  the  abfurdity  of  his  wild 
notions.     Among  thefe  were  Caflius,    known  for  his 

precipitate  of  gold  ;  Sir  Kenelm  Digby,  who  believed 

• 

m  the  fympathetic  adion  of  medicines  ;  Libavius,  who 
"*$  communicated  his  name  to  a  preparation  of  tin; 
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Van  Helmont  famous  for  his  Angular  notions  both  in 
chemiftry  and  medicine ;  and,  laftly,  Borrichius,  a 
Danifh  phyfician  and  chemift,  who  firft  difcovered  and 
made  known  to  the  world  the  poflibility  and  the  man- 
ner of  inflaming  oils  with  the  nitrous  acid,  and  who 
deferves  the  gratitude  and  refpedt  of  the  world  for  ha- 
ving bequeathed  his  library  and  chemical  laboratory  to 
the  ufe  of  indigent  ftudents  of  medicine. 

Alchemy  was  now  oppofed  by  two  celebrated  gc- 
niufes,  who  were  fuccefsful  in  their  attacks.  The  one, 
the  celebrated  Father  Kircher  the  Jefuit,  to  whom  wc 
are  indebted  for  a  noble  work,  intitled  Mundus  Subter- 
ramus  ;  the  other,  the  learned  Conringius. 

V, 

Rife  and  Progrefs  of  philofophical  Cbemijlry^  from  tbt 
middle  of  tbe  feventeenth  to  the  middle  of  the  eighteen t I 
Century. 

Hitherto  chemiftry  had  never  been  treated  in  a 
philofophical  manner.  The  chemical  arts  had  indeed 
been  defcribed,  medical  formulae  had  been  given,  and 
the  nature  of  metals  painfully  examined,  in  the  hopes 
of  making  gold,  or  difcovering  an  univerfal  medicine: 
A  chimera  dill  fondly  believed  by  the  ignorant  and 
enthufiaftic !  But  nothing  more  had  been  done.  A 
great  number  of  chemical  fadts  were  known  ;  but  none 
had  attempted  to  form  them  into  a  fyftem:  And,  as 
the  celebrated  Macquer  has  ingenioufly  obferved, 
though  many  branches  of  chemiftry  were  known  and 
pra&ifed,  the  fcience  itfelf  was  not  yet  in  exiftence. 

Towards  the  middle  of  the  feventeenth  century, 

James 
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James  Barner,  phyfician  to  the  King  of  Poland,  arrang- 
ed  the  principal  facts  then  known,  in  a  methodical  man- 
ner, accompanying  them  with  obfervations,  in  his  Pbi+ 
hfopby  ofCbemiflry.  The  work  of  that  learned  author 
is  the  more  valuable,  on  account  of  his  being  the  firft 
who  attempted  to  form  a  complete  fyftem  of  chemical 
knowledge,  and  ranked  chemiftry  among  the  fciences. 
Bohnius,  profeflbr  at  Leipfic,  wrote  alfo  a  book  on 
fcicntific  chemiftry,  which  was  very  favourably  receiv- 
ed by  the  world,  and  was  long  the  only  elementary 
book  on  the  fubjed. 

Joachim  Beccher  of  Spires,  a  man  of  very  confide- 
table  genius,  phyfician  to  the  Eledors  of  Mentz  and 
Bavaria,  diftinguHhed  himfelf  fo  highly  in  this  fcience 
as  to  caufe  the  names  of  the  two  lad  mentioned  writers 
to  be  aim  oft  entirely  forgotten.  In  his  noble  work, 
intitled  Pbjtfica  Jubterraneay  he  has  colleded  all  the 
chemical  phenomena  at  that  time  known,  and  has  de- 
feribed  them  with  amazing  accuracy.  He  has  even 
foretold  many  of  the  difcoveries  which  have  been  fuc- 
ceffiyely  made  fince  he  wrote ;  fuch  as  the  exiitence 
of  aeriform  or  gaztrous  fubftances;  the  poffibility  of 
reducing  animal  bones  into  a  tranfparent  glafs,  &c. 
A  celebrated  phyfician,  whofe  name  marks  the  com- 
mencement of  a  new  and  more  illuftrious  aera  in  the 
Mnals  of  chemiftry,  has  done  him  the  honour  of  writ* 
lng  a  commentary  on  his  work.  J.  Erneft  Stahl,  who 
*asborn  with  a  natural  fondnefs  for  chemiftry,  under- 
took to  illuftrate  the  doctrine  of  Beccher  by  a  commen- 
tary. His  favourite  objed,  to  which  he  more  parti- 
cularly direded  his  attention,  was  to  demonftrate  the 
ttifcace  of -that  inflammable  earth  which  he  denomi- 


3*  R\fe  and  Progrcjs 

nated  Phlogifton.  Not  inferior  to  Becchcr  in  geniw, 
he  excelled  him  in  accuracy  and  method.  His  treatifes 
on  fulphur  and  falts,  together  with  that  which  is  in  titled 
Trecenta  Experimental  have  acquired  him  iftimortal 
honour,  and  have  ranked  him  among  the  firft  cbarap- 
tecs  of  the  age  in  which  he  appeared. 

fioerhaaye,  amid  his  various  engagements,  found  lej- 
fure  to  cultivate  chemiilry,  and  compoied  a  very  pro- 
found work  pn  this  Icience,  which  has  long  been  highly 
celebrated.  The  treatifes  on  the  four  elements,  parti- 
cularly that  on  fire,  which  form  a  part  of  this  work,  prp 
.each  of  them  inalterpieces,  containing  all  that  was  at 
that  time  known  on  their  particular  fubje&s.  He  wap 
alfo  the  firft  who  attempted  to  analyfe  vegetables;  and 
to  hirp  we  owe  the  fpiritus  rc&or,  &c. 

StahPs  theory  has  been  generally  adopted  by  fuq» 
c ceding  cbemifts,  and  has  acquired  greater  (lability 
from  the  labours  of  the  two  illuftrious  brothers  Meflp 
Rouelle,  to  whom  we  are  chiefly  indebted  for  the  pnj» 
grefs  which  chemiftry  has  made  in  France,  and  whofe 
lofs  is  feverely  felt  by  the  chemical  world. 

The  illuftrious  Macquer,  of  whom  death  has  now 
deprived  the  philofophical  world,  contributed  in  a  very 
fignal  manner  to  the  advancement  of  the  fcience;  and 
hig  .valuable  works  are  (till  juftly  efteemed,  over  all 
Europe,  as  the  bed  guides  to  chemical  knowledge. 
Befide  the  important  Services  which  he  performed  to 
the  world,  by  publifhing  his  Dictionary  and  Elements 
of  Chemiilry,  his  inquiiies  unci  dikoveries  concerning 
the  nature  of  urfenic,  Puiftian  blue,  the  dyeing  of  filks, 
clay  a  for  pottery,  &c.  might  well  immortalize  his  name, 
and  intuit  him  to  the  gratitude  of  pofterity. 

IV. 
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VI. 

Pneumatic  Cbemijlry :  the  prefaU  Time. 

Siuu,  being  wholly  engaged  in  demon  (tracing  th* 
fgiftence  of  phlogifton,  and  tracing  it  through  all  its 
combinations  with  other  bodies,  feems  to  have  over* 
looked  the  influence  of-  air  in  mod  of  ttaofc  phenomena 
191  which  he  afcribes  fo  much  to  the  energy  of  the  in* 
fasmahle  principle.  Boyle  and  Hales  bad  already 
fawn  the  neceffity  of  referring  many  chemical  pheoo* 
BKoa  to  the  operation  of  that  fluid.  Boyle  had  taken 
notice  of  the  difference  of  the  appearances  which  thft 
toe  chemical  events  exhibit  in  the  open  air  and  in  v*~ 
m.  Hales  bad  obtained  from  a  variety  of  bodies  a  fluid 
vfcicb  he  took  for  air,  but  in  which  he  obferved  a  nun** 
kr  of  peculiar  properties ;  fuch  as  fmell,  inflamma- 
Uky,  &c.  according  to  the  nature  of  the  fubftance* 
fa*  which  k  was  obtained.  He  was  led  to  confidec 
air  as  the  principle  on  which  the  confiftency  and  folidic 
ty  of  bodies  depended . 

Or  Prieftley,  by  repeating  a  great  part  of  Hales9* 
experiments,  discovered  a  number  of  fluids,  which* 
though  they  have  the  appearance  of  air,  yet  differ  from 
fe  in  all  their  eflential  properties :  and,  in  particular* 
fan  metallic  calces  be  ex  traded  a  {pedes  much  puree 
ten  atmofpheric  air. 

11  Bayen,  a  cbemift  defervedly  celebrated  for  thn 
tccmacy  of  his  refearches,  examined  tbe  calces  of  mar* 
<*ry,  and  found  that  they  are  reducible  without  phlo* 
pftoa,  and  that  during  the  proceCs  they  emit  an  acri* 
fan  fluid  in  great  abundance. 
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M.  Lavoifier,  foon  after  this,  difcovered,  and  proved 
by  a  number  of  fine  experiments,  that  in  the  procefs 
of  burning  or  calcination,  a  portion  of  the  air  always 
"enters  into  combination  with  the  body  which  is  cal- 
cined or  burnt.  In  confequence  of  this  difcovery,  he 
formed  a  fe&  of  chemifts  who  agreed  with  him  in 
doubting  the  exiftence  of  phlogijlon^  and  afcribed  to 
the  fixation  or  the  difengagement  of  air  all  thofe  phe- 
nomena  which  Stahl  had  referred  to  the  feparation  or 
the  combination  of  phlogijlon.  It  muft  be  granted, 
that  this  doctrine  has  been  more  fully  demonftrated 
than  Stahl's ;  and  that  it  agrees  better  with  that  ac- 
curacy and  method  which  have  of  late  been  introdu- 
ced into  the  ftudy  of  natural  philofophy.  In  this  light. 
did  it  appear  to  the  late  M.  Bucquet,  who  in  his  two 
or  three  laft  courfes  of  ledtures  feemed  to  give  it  the 
preference.  The  mod  prudent  part  on  this  occafion 
certainly  was,  to  wait  till  it  could  be  determined  by  a 
greater  number  of  facts,  whether  all  the  phenomena  of 
chemiftry  might  be  explained  by  the  theory  of  gafcs, 
without  our  having  recourfe  to  phlogijlon.  M.  Mac- 
quer,  fenfible  that  a  conliderable  revolution  muft  ne- 
ceflary  take  place  in  the  fyftem  of  chemiftry  in  con- 
fequence of  thefe  difcoveries,  but  thioking  it  impoffibte 
to  account  for  all  the  phenomena  without  admitting' 
the  prefence  of  an  inflammable  principle,  fubftituted 
light  in  the  room  of  phlogijlon;  as  the  exiftence  of  th^ 
latter  had  never  been  ftri&ly  demonftrated,  while  th^ 
influence  of  light  on  many  chemical  phenomena  is  ^ 
well  known  and  undeniable  fadl. 

Since  the  death  of  that  celebrated  chemift,thefcienc^ 
has  been  enriched  with  a  variety  of  difcoveries,  all 
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tending  to  confirm  the  new  theory.  The  multitude 
of  fads  which  I  have  been  colle&ing  during  a  period 
of  twelve  years,  and  the  number  of  the  experiments  of 
other  chemilts,  which,  on  a  repetition  of  them,  I  have 
found  to  be  attended  with  the  fame  refults,  have  finally 
convinced  me  of  the  juftnefs  of  that  theory,  and  have 
led  me  to  confider  thole  naturalifts  who  ft  ill  continue  to 
maintaio,  with  more  or  Ids  keennefs,  the  exigence  of 
pblogiJlon%  as  either  unfkilled  in  the  fcience,  or  inca- 
pable of  accuracy  in  their  experiments. 
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CHAP.      III. 

Concerning  the  Chemical  Attractions  or  Affinities 

IN  the  firft  chapter  it  was  obferved,  that  the  meant 
ufed  in  performing  chemical  operations,  which  hare 
been  arranged  under  the  two  general  heads  of  Amlyfts 
and  Synrhefis,  are  imitated  from  Nature,  who  employs 
them  in  her  operations.  To  illuftrate  that' truth,  we 
{hall  here  explain  what  is  underftood  by  the  chemical 
affinities. 

!  A  perfon  cannot  even  enter  upon  the  ftudy  of  na- 
ture, without  taking  notice  of  that  wonderful  mutual 
force  by  which  all  natural  bodies  are  attra&ed  towards 
each  other.     On  this  great  and  univerfal  law,  all  tbofe 
phenomena  depend  which  the  philofopher  contemplates 
with  curiofity,  and  which  even  the  mod  ignorant  of 
men  cannot  behold  without  admiration.    -    -H'  "    >  *: 
This  force,  by  which  indeed  the  order  of  the  uoi* 
verfe  is  maintained,  a&uates  the  mod  minute  bodies  as 
well  as  the  mod  enormous  mattes  of  matter/    But  it 
ads  by  laws,    either  eflentially  different,    or  at  lead 
differently  modified,  according  to  the  mafs,  confiftency* 
and  didances,  of  the  bodies' fubjeft  to  its  influence. 
Without  examining  its  effects  on  th&.'phnftafy.bo^cs, 
whofe  didances  and  motions  it  regulates ;  let  us  coo- 
lirfer  m  what'  'itiaftder  itHflfacts^he  'different :j pdtft jf 
the  globe   whtfch  Sfre  ifchfcbit,*  that  s?e  may   by  tfo 
m&tm &ifcovci'iii'l#tk.>1'  ^    «•'■'-  *..&:•  urail  aaiwfii 
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Natural  philofophy  teaches,  that  when  two  folid  bo* 
dies  of  the  fame  kind  come  into  con  tad:,  they  adhere 
together  with  a  degree  of  force  proportioned  to  the  ex- 
tent of  fmoothnefs  of  the  furfaces  in  contad.  Thus, 
two  planes  of  glafs,  or  two  fedions  of  a  ball  of  metal, 
if  prefied  together,  unite  with  a  degree  of  tenacity 
which  renders  a  confiderable  effort  neceflary  to  feparate 
tkea.  This  force  produces  all  the  phenomena  obfcf- 
fed  in  chemiftry.  It  becomes,  therefore,  an  objed  |jf 
tic  higheft  importance  to  ftudy  all  its  laws,  and  in- 
quire what  rariatioos  it  undergoes  from  diverGty  of  cir- 
cam  (lances. 

The  greater  part  of  chemifts  have  denominated  this 
force  affinity  or  relation  ;  becaufe  it  has  been  thought 
to  depend  on  an  analogy  or  conformity  of  principles  in 
tig  bedio*  between  which  it  fubfifts.  Bergman  has  giv- 
en it  the  namerpf  cbemkal  attraction :  and  jthough  its 
ptaoonaena  are  different  from  tho£?  of  the  planetary 
attraction  fir£L  obferved  bj  Newton,  yet,  as  both  de- 
peodtiipon  the  faipe  principle,  we  fhall  follow  Berg- 
aao  in  the  ufe  of  the  name.  Chemical  attraction  ma/ 
tike  place  between  bodies  of  the  fame  nature ;  or  .be- 
tt**a  bodier  of  different  natures.  Let  us  confide*  it 
>oder  thele  two  points  of  view. 

$L  Concerning  the  Attraction  or  Affinity  that  takes 
okee  between  Bodies  of  t be  fame  Kind,  or  the  qffinity 
rf  Aggregation. 

tXTHEN  two  bodies  of  the  lame  nature,  for  inftance 

two  globules  of  mercury v  placed  at  a  certain 

dttbnce  from  each  other,  tend,  by  virtue  of  this  force, 

C  3  t 
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to  unite,  and  do  actually  enter  into  union^  •  they' 1 

fphere  greater  in  bulk,  but  precifely  the  fame  in  1 

In  that  event,  therefore,  this  force  affects  only  th< 

ficaf,  or  obvioufly  apparent  qualities  of  bodies  ;  i 

feparate  portions  of  fimilar  matter  ;  by  confound 

gether  feveral  diftinlt  mafles,  it  forms  a  body  of  j 

bulk,  and  unites  a  number  of  feparate  parts  in 

whole.     It  is  denominated  the  attraction  or  affi 

aggregation,  in  order  to  diltinguifh  it  from  that 

takes  place  between  bodies  of  different  natures. 

duces  an  aggregate  in  which  the  phyfical  qual 

the  bodies  united  undergo  a   new  modification, 

out  any  fenfible  change  being  produced  in  their 

cal  qualities.  The  aggregate  \%  nothing  moretha 

herent  body,  the  parts  of  which  are  retained  in 

by  the  force  of  aggregation.     It  mult  be  diftinj 

from  the  mafs  called  an  heap  ;  for  though  an  he; 

iift  of  parts  all  of  a  fimilar  nature,  yet  thofe  p; 

difpofed  loofely,  and  without  coherence.     It  is  1 

to  be  diftinguifhed  from  a  mixture  ;  which  con! 

quantity  of  diffimilar  particles  blended  togethc 

out  adherence.     This  may  be  farther  explain* 

familiar  example  :    Flowers  of  fulphur,  or  fulj 

powder,  whole  parts  have  no  adhefion,  and  ma 

parated  by  the  flighted  effort,  compofe  an   he 

parts  of  which  are  not  affedled  by  the  affinity  0 

gation.     This  mixed  with  another  heap,  with 

inllance  confiding  of  nitre  in  powder,  gives  whs 

led  a  mixture  by  confujion.     But  if,  by  the  helj 

iion  and  cooling,  you  fubjed  this  heap  to  the  p 

aggregation,    the  molecules  or  integrant  part! 

fuipbur  will  then  be  drawn  towards  each  othei 
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its  liquefa&ion,  and  will  mix  and  unite  in  fuch  a  man- 
ner as  to  form,  when  cooled,  an  uniform  mafs  or  folid, 
which  will  be  a  true  aggregate. 

The  force  or  affinity  of  aggregation  exifts  in  various 
degrees,  which  are  meafurable  by  the  effort  neceflary  to 
fcparate  the  integrant  parts  of  any  aggregate  body. 
We  fliall  diftinguifti  aggregates  into  four  kinds,  under 
which  all  the  bodies  in  nature  may  be  arranged. 

1.  The  firft  is  the  bard  or  /olid  aggregate,  in  which 
the  integrant  parts  are  united  by  a  very  confiderable 
force,  and  cannot  be  feparated  without  great  exertion. 
This  genus  comprehends  many  fpecies  or  degrees,  from 
the  hardnefs  of  the  precious  (tones  and  of  rock-cryftal, 
to  the  yielding  contexture  of  the  fofteft  wood.  Its  pe- 
culiar chara&eriftic  is  to  form  a  mafs,  the  conftituent 
puts  of  which  cannot  fuffer  any  difcernible  motion 
without  being  divided. 

2.  Bodies  whofe  conftituent  parts  may  be  eafily 
moved  backwards  and  forwards,  fo  as  to  change  their 
relative  fituation,  without  being  feparated,  belong  to 
tbefoft.  aggregate.  Lefs  force  is  requifite  to  maintain 
the  cohefion  of  a  foft  body  than  to  preferve  the  con- 
fiftency  of  a  folid  aggregate ;  and  lefs  readion  to  de- 
ftroy  it. 

3.  Tbe  fluid  aggregate.  Its  integrant  parts  are  fo 
llightly  united,  that  the  gentled  effort  is  fufficient  not 
ojily  to  change  their  relative  fituation,  but  even  to  di- 
<livide  them  into  diftind  globules. 

4.  Laftly,  the  aeriform  aggregate,  the  tenuity  of 
wfyofe  integrant  jpatt^cles  renders  them  imperceptible, 
aod  in,  which  the  affinity  of  aggregation  is  the  lead 

.  C  4  poffible. 

*fj[i    T    P  '-I  :  **f  "•  -      .  -    •    ■  ■    T.  ...11  •   ti    Uili   ' 


4*  Cbmied  4fimtirh 

poflible.    The  air  of  the  atmofphere  afibftb  4ftrtoMrttt<- 
pk  of  this.   .  i       m     •         ° ■■■* 

Thefe  four  kinds  of  aggregate  are,  pfroperljr  fpeaking* 
but  different  degrees  of  the  fame  force  :  but  it  is  abso- 
lutely neceflary  to  diftinguiih  them  accurately  fromonea* 
nother;becaufe  they  have  an  important  influenceon  the 
Operations  and  phenomena  of  chemiftry,  which  is  divert!* 
fied  according  to  their  differences  :  yet  it  may  be  ptov* 
•d  in  the  mod  fatisfa&ory  manner,  that  they  are  only 
fo  many  different  degrees  of  the  fame  force  ;  for  many 
bodies  are  capable  of  afluming  each  of  thefe  four  dates 
facceffively.  Water,  in  the  form  of  ice,  is  a  folid  *g* 
gregate  ;  its  hardnefsis  greater  in  proportion  as  its  tem- 
perature is  lower;  when  expofed  to  the  temperature  of 
32°  Fahrenheit,  it  afliimes  a  kind  of  foftnefs*  before 
palling  into  a  fluid  ftate.  Its  exiftence  in  this  kft  ftatt 
is  univerfally  known:  and  philofopbers  have  calculated 
what  degree  of  expanfive  force  is  neceflary  to  reduce  k 
to  vapour  ;  in  which  ftate  it  becomes  an  aeriform  agl 
gregate.  Metals,  greafe,  concrete  oils,  wax,  &c.  may 
be  in  the  fame  manner  made  to  pafs  through  thefe  fe~ 
veral  dates  of  aggregation. 

The  more  particularly  any  perfon  is  acquainted  witk 
the  laws  of  chemical  attraction,  fo  much  the  more  will 
he  be  convinced  of  the  importance  of  diftinguifhing 
between  thefe  feveral  kinds  of  aggregation,  and  cfti- 
mating  each  of  them  aright.  Accurate  ideas  concern- 
ing each  of  them  are  eflcntially  neceflary  to  enable  u» 
to  compare  this  with  the  fecond  fpecies  of  chemical  at- 
traction, which  will  come  next  to  be  examined. 

As 

*  A  doubt  cxprcflcd  by  the  tranflator  of  the  fecond  edition,  indii* 
ted  mc  to  repeat  this  experiment ;  and  1  found  that  M.  Fourcroj  hid 
by  qo  means  mifrepicfentcd  the  fo&%— Yl» 


^tbftfefwokirtds  of  affinity,  though  they  appear  tbt 
iepend  on  the  fame  caufe  or  principle,  yet  W  all  tfiS 
phenomena  of  chemiftry  feem  to  ad  ih  'dired^bpjSfi- 
:too  to  each  other  (for  it  may  even  bfe  inferred  from 
fads  which  (hall  be  related,  that  they  are  inf'th*  in verfe 
■tb  of  each  other),  it  is  abfototely  neceflary*  for  th£ 
shemit  to  weaken  or  deftroy  the  one,  when  he  wiftutf 
toe&Aany  operation  by  means  of  the  other.  "Now,  the 
Wraftive  force  of  which  we  have  been  fpeaking,  is  ali 
not  always  that  which  he  has  occafion  to  dimitiilfr; 
tod  it  likewife  admits  of  various  modifications  t>y  th4 
power  of  art. 

All  that  is  nectflary  to  deftroy  or  weaken  the  affini- 
ty °f  aggregation,  is,  to  oppofe  to  the  cohefion  of  the 
aggregate  an  external  Ibrce  more  than  fufficient  to 
coaaterbakmce  that  which  preferves  the  union  of  its 
oonpooent  parts ;  and  the  external  force  applied  mud 
therefore  be  proportioned  to  the  cohefion  of  the  parts. 
This  is  the  great  few  to  be  always  obferved  in  the  pre* 
Juratory  operations ;  the  fole  purpofe  of  which  is  to  def- 
troy the  affinity  of  aggregation.  Pulverization,  grind- 
ing, rafping,  filing,  and  cutting,  are  fo  many  means 
for  eonntefa&ing  the  cohefion  of  bodies  and  dividing 
dteir  conftituent  parts.  Heat  and  evaporation  produce 
the  fame  'dBeds  on  fluids,  and  on  thofe  folids  which 
*ft  fufeeptible  %f  dilatation  or  fufion.  But  thefe  laft' 
BfeDtfoned  operations  being  effeded  by  heat,  come  pro* 
My  under  the  fecond  fpecies  of  chemical  attradion; 
tf  does  alfo  the  folution  of  bodies  by  water. 

As  art  can  apply  a  great  variety  pf  means  to  coun- 
ted, and  even  deftroy  the  fore  of  aggregation ;  fo 
*  likcwifc  affords  others  to  reftore  it,  and  caufe  it  t<K 
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aft  with  all  its  former  energy.     All  th*  manipulation* 
which  it  employs  for  this  purpofe,  confift  in  placing 
the  bodies,  whofe  force  of  aggregation  is  to  be  reftored, 
in  fucb  a  (late  of  divifioa  and  fluidity,  that  their  par* 
tides  may  be  at  liberty  to  obey  the  power  of  attrac- 
tion, by  applying  to  each  other  thofe  of  their.  furfac$8 
which  are  bed  adapted  to  unite;  and  they  thvtf  form  a 
new  aggregate,  which,  in  regularity  of  figure  and  qo- 
hefive  force,  is  generally  equal,  and  fometimes  fupe- 
rior,  to  natural  aggregates  of  the  fame  kind.     We  may 
take  this  opportunity  to  obferve,  that  all  aggregate  bo- 
dies may  be  divided  by  their  figure  into  two  clafies,  Re- 
gular and  Irregular.    Every  body  in  nature  appears  un- 
der the  one  or  the  other  of  thefe  two  forms;  and  art, 
which  always  emulates,  and  fometimes  even  rivals,  na- 
ture, can  produce  at  pleafure  a  regular  or  an  irregular 
aggregate.     All  fubftances  capable  of  palling  through, 
the  fcveral  dates  of  aggregation  above  enumerated,  buC 
more  efpecially  falts  and  metals,  may  be  fo  managec 
during  the  procefs  by  which  they  are  reduced  from  a 
fluid  to  a  iolid  (late,  as  to  a  Hume  the  form  either  of  ax 
irregular  mafs,  or  of  a  body  with  regular  lines,  angles 
and  furfaces,  which  is  called  a  cryftal.     Tne  firft  form 
is  obtained  by  keeping  the  particles  of  the  fluid  bodjf 
whether  its  fluidity  may  have  been  occaiioned  by  fire, 
or  water,  very  near  to  each  other ;  and  cauiing  tfjcjji* 
quefadtion  to  ceafe  luddenly,  fo  that  they  may  come  in- 
to contact  all  at  once,  and  the  affinity  of  aggr^ga^oQ 
may  caufe  them  to  unite  into  one  ibhd  mafs.    J^vK^on 
the  contrary,  to  produce  cryflailifauon,  it  is  JKqsflitfy 
to  keep  the  parts  of  the  body  which  ypu  vv;iflif  to  .tying 
into  that  Hate,  at  as  great  a  dift^^..  as  poijiblc  from 
2  out 
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otie  &titfther,  that  they  may  remain  for  fomc  time  in  a 
kind  of  equilibrium,  before  coming  into  union,  and 
inay  f>refent  to  each  other  fuch  of  their  furfaces  as  arc 
beft  adapted  to  unite.  From  this  it  appears,  that  cry- 
ftallifation  is  entirely  owing  to  the  affinity  of  aggrega- 
tion ;  and  if  the  phenomena  of  cryftallifation  be  obfer- 
ved  with  a  proper  degree  of  attention,  they  will  afford 
an  idea  of  the  manner  in  which  the  affinity  of  aggrega- 
tion alts.  For  this  purpofe  it  is  mentioned  here  :  it  will 
be  more  particularly  explained  under  feveral  future  ar- 
ticles of  this  work. 

5  H.  Concerning  that  Species  of  Chemical  Attraction 
nvbicb  unites  particles  of  different  Natures  s  or  the 
Affinity  of  Compofition. 

When  two  bodies  differing  in  nature  have  a  ten- 
dency to  unite,  they  enter  into  combination  by  virtue 
°f  a  power  fomewhat  different  from  that  which  we 
have  been  confitfering :  it  has  been  denominated  the 
affinity  rf  compofition ;  but  may  be  with  more  propriety 
Darned  the  attraction  of  compofition.     This  fpecies  of 
attraction  or  affinity  is  of  ftill  greater  importance  than 
the  former,  as  it  afts  in  all  chemical  operations,  and 
none  of  thefe  can  be  explained  without  it.    The  ex- 
iftedce  of  this  power  has  been  always  known ;  but  it 
was  not  obferved  with  the  attention  which  it  juftly 
merits,  till  fuch  time  as  it  appeared  to  affed  the  prac- 
tice no  lefs  than  the  theory  of  the  fcience  of  which  we 
are  treating.     A  knowledge  of  this  affinity  is  effenti- 
ally  neceffary  to  direft  the  pra&itioner  who  purfues  a 
train  of  experiments,  as  well  as  the  philofophet  vrtio 
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collects  land  Compares  fa&e.  This  is  the  compafs  bj 
which  both  mud  fleer;  and  it  may  be  affirmed,  thai 
whoever  is  well  acquainted  vwth  the  laws  of  chemical 
attraction,  is  acquainted  with  the  extent  and  fublimi 
ty  of  the  fcience. 

Convinced  of  this  truth,  we  (hall  here  make  it  otn 
tnifinefs,  firft,  to  exhibit  faithfully  all  the  feds  whici 
can  fetve  to  tlltiftrate  tile  nature  of  this  affinity  ;  and, 
tfext,  to  give  an  account  of  thofe  bypothefes  which 
have  brtn  formed  to  explain  its  caufe. 

Obfervation,  the  parent  not  only  of  chemiftry  foot 
of  all  experimental  faience,  has  fhown,  that  the  attrao* 
ikm,  or  affinity  of  compofition,  prefents  certain  inv»* 
ribble  phenomena ;  which  may  be  confidered  as  laws 
eftabiifhed  by  nature,  and  which  can  efcape  the  obfer- 
vatiort  df  none  but  fuch  as  are  incapable  of  examining: 
them*  with  due 'attentions  Thefe  laws,  founded  on  a. 
♦*ft -^variety  of  weli-^ftaMiftied  fads,  may  be  reduced. 
t*'«tgfet$  *wh>ch  are  as  follows, 

L  Firjl  Law  of  the  Atttd&iw  of  Compojttiofu 

Tbt  ttttra&io*,  or  affinity  of compofition,  cannot  ad  but 
between  bodies  of  different  natures. 

This  firft  law  is  invariable,  and  admits  of  no  excep- 
tions. That  two  bodies  may  combine,  and  form  • 
compound,  it  is  indifpenfibly  neceflary  for  them  to  be 
different  in  kind.  Join  two  bodies  of  the  fame  nature, 
and  you  form  only  an  aggregate,  of  which  the  bulk  and 
extent  are  enlarged,  but  its  effential  properties  remaia 
unaltered}  and  their  union  is  occafioned  and  preferred 


• 
hj  the  affinity  of  aggregation,  conformably  to  the  ex* 
pbnation  already  given  of  the  nature  of  that  affinity. 
Thua,  two  pieces  of  *ax,  rofin,  or  fulphur,  may  be 
united  by  the  adion  of  heat ;  and  this  inftance  is  fuffi- 
cicntto  explain  the  difference  between  aggregation  and 
cocnpofttioo.     - 

This  bm  holds  fo  invariably,  that  the  attraction  of 
compoficiott  is  never  ftronger  than  when  the  bodies  be- 
tween which  it  ads  are,  in  nature,  the  mod  eflentially 
different  from  one  another.  Thus  acid  falts  and  alka- 
K^tboagh  the  properties  of  the  one  are  dire&ly  oppo~ 
toe  to  thofe  of  the  other,  enter  into  the  mod  intimate 
mutual  combination,  and  form  the  moft  perfect  com- 
pound*  The  lame  oppofition  fubftfts  between  the  proper* 
ties  of  alkalis  and  fulphur,  of  acid,  falts  and  oil,  of  acids 
*nd  metals,  of  water  and  fpirit  of  wine,  &c. ;  all  which 
Abftaoeet  have  a  ftroag  tendency  to  mutual  union. 

It  is  the  more  neceflary  for  us  to  gain  an  accurate 
knowledge  of  this  great  law  of  the  affinity  of  compofi- 
t*on,  becaufe  a  number  of  chemifts,  with  Stahl  at  their 
head,  have  laboured  to  prove,  that  bodies  never  enter 

• 

mto  combination,  but  in  confequence  of  a  certain  re- 
gion, or  refemblance  between  their  properties :  an  opi- 
nion to  which  no  perfon  will  agree  who  knows  the  full 
extent  of  this  primary  law.     When  reading  the  reafon- 
JQgs  even  of  the  molt  eminent  chemifts  on  this  fubje&» 
we  cannot  avoid  obferving,  that  the.relations  which  they 
labour  to  point  out  between  thofe  fubftances  which  have 
tbcjfkxongdi  tendency  to  mutual  union,  appear  a  I  way  t 
extretbely  temote ;  and  that,  by  the  fame  means,  re- 
fembiances  Height  be  eafily  found  out  between  bodies 
Ibc  capflrdiCBgiitoftolt  Ueafr  to  fee,  however,  thattb 
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ingenious  men  have  propofed  this  theory,  merely  from 
defire  to  Amplify  and  illuftrate  the  dodtrine  of  c hernia 
attractions:  and  thofe  who  are  fenfible  of  the  difficqll 
of  eftablifhing  fyftems  in  any  of  the  departments  of  hi 
man  knowledge,  will  always  confider  them  as  entitle 
to  the  gratitude  of  every  friend  of  fcience.  Their  labou 
have  not  been  without  their  ufe,  as  they  have  collet 
a  number  of  fads,  and  pointed  out  their  connedioj 

1 

But  a  regard  to  truth,  which  it  becomes,  us  to  prefer.) 
every  other  confideration,  obliges  us  to  confefs  our  igoc 
ranee  of  the  caufe  of  this  important  phenomenon,  h 
ftead  of  referring  it  to  an  analogy,  the  exigence  .< 
which  is  incontinent  with  thofe  ideas  of  the  properue 
of  bodies  which  we  derive  from  experiment. 

II.  Second  Law  of  the  Attraction  of  Compojition. 

The  attraction  of  compojition  atts  only  between  the  nt 
nutejl  particles  of  bodies.    , 

In  order  to  form  a  juft  idea  of  the  nature  of  this  lai 

it  is  neceflary  for  us  to  diftinguifti  chemical  from  pb; 

fical  lubjeds.     Thefe  laft  are   bodies  whofe  extern 

qualities,  fuch  as  weight,  bulk,  furface,  extent,  and  i 

gure,  are  perceptible  to  our  fenfes,  and  may  be  eftim; 

ted  by  their  effeds  upon  them.  Aggregates  are  the  b« 

dies  whofe  qualities  are  obferved  and  compared  by  tt 

naturalift.       Chemical   fubjeds,  again,   are  fubftanc 

which  have  loft  their  aggregation;  and  which,  of  coi 

fequence,  no  longer  preient  to  the  fenfes  the  phyfic 

properties  of  aggregates.     They  are  minute  particl* 

the  extent  of  which  cannot  be  meafured,  nor  their  bi* 

or  form  diitinguiflied.     It  is  not  till  after  bodies  ha1 

bee 
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been  reduced  to  this  ftatc  of  tenuity  by  the  feveral  pre- 
paratory operations  above-mentioned,  that  they  become 
fubjed  to  the  affinity  of  of  compofirion ;  and  the  chemift 
cannot  caufe  them  to  enter  into  combination,  without 
prefenting  them  to  one  another  in  a  (late  of  cjivifion. 
This  force  feems  to  aduare  none  but  the  minuted  par- 
ticks  of  bodies:  and  in  this  manner  does  the  attraction 
rf  compofirion  appear  to  differ  from  that  which  a&s  be- 
tween large  mafles  of  matter.     The   difference  is  ft  ill 
more  ftriking  when  we  coniider  the  conftant  oppofitioa 
between  the  attraction  of  aggregation  and  that  of  coin- 
pofnion.     This  oppofition  is  fo  invariable,  that  we  may 
cren  venture  to  advance  it  as  a  chemical  axiom,  that  the 
attraction  of  combination  is  in  the  inverfe  ratio  of  that 
of  aggregation ;  thele  two  forces  being  always  in  oppo- 
fition, and  forming  a  kind  of  counterpoife  to  each  other. 
The  attraction  of  aggregation  always  refills  .the  combi- 
nation of  diiferent  bodies ;  where  it  ads  with  the  great- 
eft  force,  they  have  fcarce  any  tendency  to  mutual  u- 
nion ;  and  again  fuch  fubftanccs  as  are  the  lead  under 
the  influence  of  the  force  of  aggregation,  have  a  ftrong 
tendency  to  combine  with  others.     The  various  kinds 
°ff  fl/,  or  air,  for  inftance,  of  all  known  fubftances  are  the 
lead  under  the  influence  of  the  force  of  aggregation;  and 
©f  them  there  are  many  whole  tendency  to  combination 
15  fo  ftrong,  that  they  combine  with  the  greateft  facility 
*ithalmoil  any  natural  body.    Yet  welhall  afterwards 
fee  that  this  happens  only  when  the  heat  which  enters 
into  the  compulsion  of  elaftic  fluids  is  but  (lightly  combi- 
ncd  with  a  bafe;  and  that  the  aeriform  ftate  often  occa- 
^^s  a  contrary  tendency  ;  as  for  iultance,  in  pure  air. 
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III.  2 bird  Law  of  the  Attraction  of Compofition. 

The  attraftion  of  compofition  can  unite  more  bodies  th 

two. 

This  law  of  chemical  attraction  is  one  of  thole  whit 
have  been  eftablifhed  by  the  feweft  observations  ;  m 
we  are  ftiil  but  very  imperfedly  aquainted  with  ka  e 
tent.  We  are  acquainted  with  a  vaft  variety  of  the 
combinations  which  are  produced  by  the  union  oft* 
bodies ;  with  a  few  which  are  formed  by  ihe  union 
three  'bodies ;  but  we  know  of  fcarce  any  inftances  i 
which  foot  different  bodies  have  an  equal  tendency  ' 
enter  into  mutual  combination,  and  remain  in  this  ftflft 
Metals  are  the  only  bodies  that  are  known  to  be  cap 
ble  of  this  laft  fpecies  of  combination  ;  and  of  whk 
two,  t  three,  or  four,  may  be  effedually  blended  tog 
ther.  It  is  highly  probable  that  there  are  in  natui 
combinations  made  up  of  more  than  four  bodies,  of  t 
or  eight,  for  inftance ;  but  with  fucb  we  are  hither) 
unacquainted.  The  reafon  why  fo  little  progress  hi 
been  made  in  the  ftudy  of  this  law,  ihall  be  explaiae 
when  we  come  to  treat  of  the  eighth  law  of  rhe  affioit 
of  compofition.  The  number  of  the  fubftqnees  of  whic 
any  compofition  confifts  is  denoted  by  faying,  the  afl 
nity  of  one,  two,  three,  or  four  bodies,  and  fo  on.  Th 
rapid  progrefs  which  chemiftry  has  of  late  begun.  1 
make,  the  multiplicity  of  its  refearches,  the  variety  < 
the  objeds  to  which  thefe  are  directed,  and  the  ten 
pulous  accuracy  of  obfervation  with  which  they  are  coi 
du&ed,  afford  us  reafon  to  hope  that  thofe  affinitac 
which  are  named  complex  will  foon  be  better  known. 
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IV.  Fourth  Law  of  the  Affinity  of  Compojition. 

That  the  affinity  of  compojition  may  take  place  between 
two  bodies,  at  leajt  one  of  the  two  muji  be  in  ajluid  /late.' 

This  law  bas  been  long  known  to  chemifts,  and  bas 
been  long  exprefled  in  this  axiom,  Corpora  non  agunt* 
*$ fint  foluta.  Uniform  and  accurate  obfervation  has 
fcown  that  two  folid  fubftances  can  never  enter  into 
mutual' combination.  Even  bodies  which  have  the 
ftrongeft  tendency  to  unite,  cannot  be  brought  into  u- 
rion  till  either  the  one  or  the  other  of  them  be  reduced 
to  \  fluid  aggregate.  Bodies  enter  into  combination 
*ithmore  or  lefs  facility,  according  as  they  are  more  or 
k&in  a  (late  of  fluidity,  and  confequently  poflefs  more 
oriels  aggregative  force:  and  therefore  no  two  bodies 
enter  into  combination  with  fuch  rapidity  as  any  two  of 
the  falioe  aeriform  fluids ;  for  inftance  the  muriatic  acid 
g**  and  the  alkaline  gas. 

Though  no  two  folid  bodies  can  enter  into  combina- 
ton  with  each  other;  yet  in  fome  inflances  dry  fub- 
fances,  reduced  into  a  fine  powder,  re-a6t  upon  each  o- 
ther  with  fo  much  energy,  as  to  unite  and  form  a  new 
compound.  Thus  I  have  difcovered  that  cauftic  fixed 
alkali,  when  reduced  by  trituration,  unites  in  a  cold  dry 
fate  with  fulphur,  antimony,  and  kermes,  as  I  (hall 
dfcwbere  more  particularly  relate :  but  in  this  inftance, 
the  reduction  of  the  bodies  into  their  mod  minute  par- 
tides  by  pulverization,  and  the  moifture  of  the  atmo- 
tyhcre  attra&ed  by  the  fait,  which  foon  deliquates, 
fc*ve  a  confiderable  (hare  in  effe&ing  the  combination ; 

Voi,  L  D  *u& 

f 


nomenon  takes  place,  to  which  chemifts  have  g 
name  offolution.  It  confifts  in  the  attenuation, 
and  entire  deftru&ion  of  the  folid  body  in  cont 
the  fluid.  The  caufe  of  this  phenomenon  is, 
attraction  of  combination  between  two  fubftar 
of  which  is  a  liquid,  the  other  a  folid,  fuch  as 
phureous  acid,  and  a  bit  of  calcareous  fpar,  is 
than  the  aggregative  force  which  preferves  the 
of  the  folid  in  exclufive  union  with  one  anothe 
fince,  by  the  third  law,  this  fpecies  of  attra&io 
aft  but  on  the  moft  minute  particles  of  bodies, 
xnuft  neceffarily  lofe  its  aggregation,  and  be  rec 
to  very  fmall  particles,  in  order  that  it  may 
with  the  fulphuric  acid,  and  form  calcareous 
Formerly,  chemifts  always  diftinguiflied  betweei 
dy  which  effedied  and  that  which  fuffered  the  a<! 
tidn  :  the  former  was  the  fluid,  the  latter  the  fc 
modern  chemifts  refufe  to  admit  this  diftin6li< 
fuppofes  a  force  in  the  fluid  fuperior  to  what^exi 
folid  aggregate.  M.  Gellert  was  the  firft  who 
that  the  two  bodies  contribute  equally  to  the  i 
lution  ;  and  that  in  the  above  inftance,  the  vitr: 
could  not  deftroy  the  aggregation  of  the  fpar, 
the  fpar  a  tendency  to  unite  with  the  fulphuric 
lefs  ftrong  than  that  of  the  acidto  combine  witl 
name  folvent,  therefore,  given  at  prefcnt  to  flui 
flri&ly  chemical,  as  it  conveys  only  the  idea 
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chanical  operation  ;  and  it  were  better  to  lay  it  afide. 
fiat  fince  it  has  been  unluckily  introduced,  the  ftudent 
ofcbemiftry  mud  always  remember,  that  when  one  bo- 
dy is  (aid  to  diflblve  another,  no  more  is  meant  than  that 
the  former  is  in  a  fluid  date,  and  that  the  fluid  can  never 
pofleft  greater  a&ivity  or  energy  than  the  folid ;  but  the 
folid  may  rather  be  confidered  as  poffeffing  thefe  qualities 
in  a  fuperior  degree,  fince  its  tendency  to  combination 
»fo  powerful  as  to  overcome  its  aggregative  force. 

The  falfe  idea  of  folution  which  has  prevailed  till 
of  late,  arofe  no  doubt  from  the  mechanical  theory  by 
which  fome  philofophical  chemifts  have  fought  to  ex- 
plain this  operation  of  nature.  This  theory,  which  ap- 
pears in  every  page  of  Lemery's  chemiftry,  confifts  in 
coofidering  the  folvent,  an  acid,  for  inftance,  as  an  af- 
femblage  of  very  acute  points,  and  the  body  to  be  dif- 
faired,  as  containing  a  vail  number  of  pores,  into  which 
,  the  points  of  the  acid  infert  themfelves,  fo  as  to  disjoin 
the  particles  of  the  body,  and  reduce  them  to  that  (late 
of dhrifion  in  which  the  aggregate  difappears.  To  men- 
tion this  opinion  is,  at  prefent,  all  that  is  neceflary  to 
ftow  its  abfurdity  and  inconfiftency  with  thofe  laws 
which  accurate  obfervation  has  eftablifhed  in  the  expe- 

• 

nmeotal  feiences. 

V.  Fifth  Law  of  the  Attraction  of  Compqfition. 

When  two  or  more  bodies  are  combined  by  this  affinity  f 
fair  temperature  fuffers  a  change  at  the  in  (I  ant  of  their 
union. 

This  phenomenon  fo  invariably  attends  all  the  com- 
efieded  by  art,  that  we  cannot  help  coufvtac- 
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ing  it  as  one  of  the  laws  of  the  attra&ion  of  compofitiot 
The  temperature  of  bodies  may  be  altered  in  two  ways 
new  combinations  fometimes  produce  cold,  fometirac 
heat.  The  latter  is  oftener  produced  than  the  former 
but  as  cold  is  certainly  produced  in  feveral  fyntheticc 
perations,  we  have  thought  proper  to  exprefs  jhis  phc 
nomenon  by  the  general  term,  Change  of  temperature 

It  may  be  objected,  that  in  certain  folutions  or  com 
binations  which  are  flowly  effected,  no  change  of  tem 
perature  is  perceived  :  But  we  would  defire  perfons  wh 
are  difpofed  to  offer  fuch  an  obje&ion,  to  immerfe 
good  thermometer  into  thofe  folutions,  and  they  wi 
not  fail  to  be  convinced  that  a  change  of  temperatui 
is  produced.  It  appears  from  fome  valuable  obfenri 
tions  by  M.  Baume,  which  (hall  be  elfewhere  moi 
particularly  mentioned,  that  this  phenomenon  is  occ: 
iioned  by  the  change  of  aggregation,  which  the  bodi 
entering  into  combination  undergo  as  they  pafs  from 
folid  to  a  fluid  (late.  But  as  that  change  is  produced  t 
the  action  of  the  affinity  of  com  poll  t  ion,  both  the  of 
and  the  other  evidently  depend  on  this  principle. 

Macquer  has  given  it  as  his  opinion,  that  the  vari 
tions  of  the  temperature  of  bodies  entering  into  con 
bination,  are  occafioned  by  the  motion  of  their  com 
ponent  particles  :  but  though  we  fhould  admit  this  a 
an  happy  account  of  the  caufe  of  the  heat  produce! 
in  new  combinations,  dill  the  cold  which  takes  pi*** 
in  fome  of  them  remains  unexplained.  Several  m> 
dern  chemifts,  particularly  Scheele  and  Bergman,  con- 
fider  heat  as  a  diftind  body,  ading  a  principal  partifl 
all  chemical  combinations  ;  and  alTert,  that  change  ol 
temperature  arifes  from  the  abforptioo  or  difengagc- 
2  meal 
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ffient  of  this  body.  This  theory  affords  a  good  ex- 
planation of  the  caufe  of  that  change  of  temperature 
which  takes  place  when  a  new  combination  is  pro- 
duced. 


VI.  Sixth  Law  of  the  Attraction  of  Compojition. 

Two  or  more  bodies  united  by  tbe  attraction  of  compo- 
fiion.fcrm  afubjlance,  tbe  properties  of  which  are  diffe- 
rent from  tbofe  which  each  of  the  bodies  pojfeffed  before' 
their  union. 

It  is  of  importance  to  eftablifh  the  exiftence  of  this 
law;  becaufe  many  celebrated  chemifts  of  the  prefent 
age,  have  entertained  opinions  concerning  the  proper- 
ties of  compounds,  which  to  us  appear  inconfiftent  with 
a  great  number  of  fads,  and  are  dire&ly  contradidlory 
to  what  we  here  offer  as  one  of  the  principal  phenome- 
na of  the  affinity  of  compofition. 

Stahl  and  his  followers,  whofe  genius  has,  in  other 
niftances,  rendered  fo  many  important  fervices  to  che- 
^illry,  have  aflerted,  that  compounds  always  partake 
°f  the  properties  of  thofe  bodies  of  which  they  are 
Compounded,  and  poflefs  a  kind  of  middle  nature  be- 
tween their  principles.     They  have  even  carried  this 
Motion  fo  far  as  to  perfuade  therafelves,  that  it  is  pofll. 
**Ieto  determine  the  peculiar  properties  of  any  princi- 
ples,  by  examining  the  compound  formed  by   their 
***iion.     Thus,   Stahl  pronounced  falts  to  be  a  com- 
pound of  earth  and  water,  becaufe  he  thought  he  could 
dtftinguilh  their  properties  to  be  intermediate  between 
tile  properties  of  theie  two  fubftances.     As  we  ate  to 
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principle ;  and  to  fome  of  them  when  combined 
acids,  &c.  *. 

The  confiftency  of  bodies  is  alfo  affeded  by 
combination  ;  the  confiftency  of  a  compound  beii 
mod  always  different  from  that  of  either  of  the  f 
bodies  of  which  it  is  compofed.  Thus,  two  flui 
ten  produce  a  folid  by  their  combination ;  for  infl 
the  fulphuric  acid  united  with  a  foiution  of  p 
And  again,  a  fluid  often  refults  from  the  combii 
of  two  folids;  as  from  a  combination  of  neutral 
with  ice,  and  from  the  mixture  of  an  amalgam  o 
with  an  amalgam  of  bifmuth.  But  the  quality  i 
fuffers  the  mod  frequent  alterations  in  the  combii 
of  bodies  is  colour.  Sometimes  it  is  loft  :  thus  th 
loured  muriatic  acid,  combined  with' a  metal,  be< 
white.  But  it  oftener  happens,  that  two  bodies 
tute  of  colour,  aflame  when  united  either  a  fain 
ftronger  colour,  as  when  iron  or  copper  are  difibl 
almoft  any  of  the  acids,  and  when  the  calces  of 
mercury,  or  almoft  any  other  metal,  are  united 
oxygen. 

Many  bodies,  which  in  a  fimple  ftate,  are  ftror 
doriferous,  become  inodorous  when  brought  into 
bination;  as  for  inftance,  muriatic  acid  gas  an 
moniac  or  alkaline  gas,  which  in  a  fimple  ftate  fc 
ftrong  fuffocating  fmell,  form  in  combination  amn 


#  We  cannot  avoid  making  ufc  of  terms  and  denominations 
explained.  But  the  reader  may  have  recourfe  to  the  table  fubj 
the  end  of  the  laft  volume,  and  to  the  beginning  of  our  ace 
the  feveral  articles  to  which  fuch  names  belong,  for  an  explan 
them.  This  inconvenience}  though  it  may  perplex  the  begins 
mot  be  othcrwik  obviated. 
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tal  muriate,  a  neutral  fait  that  has  fcarce  any  fmell. 
Again,  from  the  union  of  two  indorous  bodies,  there 
often  refults  a  ftrong-fmelling  compound  ;  fulphur  and 
fixed  alkali,  each  of  which  is  in  a  fimple  ftate  almoft  def- 
litute  of  fmell,  form,  when  united,  liver  of  fulphur,  or 
Julpburc,  a  fubftance  which  in  a  moid  date  is  extremely 
fetid. 

The  fufibility  of  bodies  is  fubj^dt  to  the  fame  chan- 
ges. Two  fubftances,  not  fufceptible  of  fufion,  or 
which  cannot  be  reduced  to  that  date  without  the 
greateft  difficulty,  when  combined  acquire  the  proper- 
ty of  fufibility  in  an  high  degree.  Combine  fulphur 
with  any  of  the  metals,  and  you  will  have  a  ftriking 
mflance  of  the  truth  of  this  aflertion.  A  variety  of  o- 
ther  fads,  befide  thofe  which  have  been  here  adduced, 
concur  to  eflablifh  this  law  in  contradiction  to  the  theo- 
ry of  StahL 

VII.  Seventh  Law  of  the  Attraction  of  Compojition. 

^be  attraction  of  compojiiion  is  meafurable  by  the  diffi- 
culty of deflroying  the  combination  formed  between  two 
or  more  bodies* 

Chemists  know  how  to  feparate  bodies  in  union, 
however  ftrong  their  natural  attraction  or  adherence  ; 
hut  the  means  which  they  employ  for  this  purpofe  are 
more  or  lefs  eafy,  more  or  lefs  complex.  It  has 
been  uniformly  obferved,  that  in  proportion  as  a  corn- 
Pound  is  more  or  lefs  perfedt,  its  component  parts  are 
I  fcparated  with  more  or  lefs  difficulty  :  And  the  degrees 
i     °f  the  difficulty  wilh  which  any  two  fubftances  we  fc- 
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tion  is  formed,  cunfifting  of  the  acid  and  the  alkal 
This  decompofition  is  commonly  known  by  the  nam 
of  precipitation ;  becaufe  the  fubftance  feparated  gem 
rally  finks  to  the  bottom  of  the  fluid  compound. 

The  fubftance  that  finks  to  the  bottom  of  the  vefli 
in  which  this  operation  is  performed,  is  named  a  pn 
dpitate.  The  fubftance  by  the  addition  of  which  th 
phenomenon  is  produced,  is  denominated  the  precip, 
tant.  There  are  four  different  kinds  of  precipitate: 
A  true  precipitated  formed,  when  the  fubftance  whic 
finks  to  the  bottom  is  one  of  the  principles  of  the  com 
pound  decompofed  by  the  addition  of  the  new  bodj 
When  fulfate  of  lime,  which  is  a  combination  of  lim 
and  the  fulphuric  acid,  is  decompofed  by  means  of  po: 
afh,  which  fubftance  has  a  greater  affinity  with  th 
acid  than  with  lime,  the  lime  being  feparated  falls  t< 
the  bottom,  and  conftitutes  a  true  precipitate.  Afalfi 
precipitate  is  produced,  when  the  new  combination  ol 
the  precipitant  with  one  of  the  two  fimple  bodies  of 
the  compound  which  it  has  decompofed,  falls  to  the 
bottom  on  account  of  its  infolubility,  while  the  fepa- 
rate  body  remains  in  a  ftate  of  folution.  When  mercu- 
rial nitrate  is.  decompofed  by  the  muriatic  acid,  with 
which  the  oxide  of  mercury  has  a  ftronger  affinity 
than  it  has  with  the  nitric  acid,  the  new  combination 
of  mercury  with  the  muriatic  acid  finks  to  the  bottom: 
of  the  mixture,  forming  a  falfe  precipitate,  above  whict 
the  nitric  acid  remains  diflblved  in  the  water.  Thi« 
phenomenon  depends  entirely,  as  fhall  be  elfewher' 
fhown,  on  the  different  degrees  of  the  folubility  of  th« 
different  fubftances. 

We  cannot  avoid  obferving,  in  this  fecond  order  a 


of  Compofition.  6 1 

precipitates,  an  error  of  denomination  which  may  tend 
to  miflead  beginners.  For,  if  this  name  be  given  to 
the  fubftance  feparated  from  the  compound  by  the  pre* 
cipitant,  it  cannot  with  any  propriety  be  applied  to 
the  Dew  combination  then  formed.  But  though  we 
ihould  even  confine  the  term  precipitate  to  denote  the 
fobftance  feparated  by  the  precipitant,  it  might  ft  ill 
occafion  miftakes ;  as  it  happens  in  many  cafes  that  the 
infulated  fubftance,  inftead  of  finking,  rifes  and  is  vola- 
tilized. Thus,  when  the  combination  of  the  muriatic 
acid  with  volatile  ammoniac  or  alkali,  known  by  the 
Dame  of  ammoniacal  muriate,  is  decompofed  by  quick- 
lime, with  which  the  acid  has  a  greater  affinity  than 
with  volatile  alkali,  the  alkali  evaporates,  and  the  mix- 
ture affords  no  appearance  of  any  precipitate. 

In  order  to  produce  thefe  precipitates,  it  is  neceflary 
that  the  fubftances  be  in  a  liquid  ftate :  The  procefs  is 
then  called  precipitation  effedled  in  the  humid  way,  to 
diftinguifh  it  from  that  which  is  accompliftied  by  the 
a&ion  of  fire,  or  in  the  dry  way,  either  by  means  of 
fiifion  or  diftillation ;  which  operations  (hall  be  hereaf- 
ter particularly  explained. 

Modern  chemifts  have  likewife  taken  notice  of  two 

°-*her  fpecies  of  precipitate;  the  diftinftion  between 

*fcch  is  much  more  juft  and  ufeful  than  that  between 

d*  preceding.     Thefe  axe  pure  precipitates  and  impure 

tredpitates.     The  firft  comprehend  all  bodies  which, 

aft^*  their  feparation  from  thofe  compounds  into  which 

e,y  entered,  exhibit  all  their  original  properties,  with- 

u*   appearing  to  have  fuffered  any  alteration,  in  con- 

^Vaence  either  of  exifting  in  a  compound  ftate,  or  of 

c**ig  expofed  to  the  aft  of  decompofition.     The  pie- 

cVptoasr 
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cipitates  of  this  fpecies  are  very  numerous,  but  the  im 
pure  precipitates  ftill  more  fo. 

In  order  that  precipitates  may  be  obtained  very  pun 
it  is  requifite  that  they  fhould  have  fuffered  no  alteratio 
by  the  adion  of  the  bodies  with  which  they  were  con: 
bined  before  their  precipitation  ;  and  that  there  fub6 
no  affinity  between  them  and  the  fubftance  employed  t 
precipitate  them.     For  inftance,  when  alcohol,  or  fpiri 
of  wine,  is  poured  into  a  folution  of  fulphate  of  pot  a  ft 
the  fpirit  of  wine  having  a  ftronger  affinity  with  th 
water  than  the  water  has  with   the  fait,  the  latter  i 
left  in  a  feparate  (late,  and  becomes  a  pure  precipitate 
becaufe  it  has  fuffered  no  alteration  from  the  watei 
and  has  not  the  moll  diftant  affinity  with  the  alkohbl 
But  when  two  bodies  by  combination  have  produce* 
mutual  alterations  on  each  other,  as  happens  in  the 
combination  of  acids  with  metals,  the  third  body,  fuel 
as  an  alkaline  fait,  employed  to  effed  a  Reparation  be- 
tween them,  will  give  the  metal  in  a  (late  very  different 
from  its  original  character,  and  will  thus  produce  ar 
impure  precipitate.     The  fame  r^fult  takes  place  wher 
the  precipitant  has  any  tendency  to  unite  with  the 
precipitate :  thus,  in  the  above-mentioned  inftance  oi 
a  metallic  folution  decompofed  by  an  alkali,  part  oi 
the  alkali  entering  into  combination  with  the  metallic 
oxide  renders  it  an  impure  precipitate.     Thcfe  twe 
caufes  of  the  impurity  of  precipitates  are  almoft  alwayi 
found  to  a6l  together.     We  can  fometimes  diftinguift 
at  once   whether  a  precipitate  be  pure  or  impure,  bj 
adding  a  much  greater  quantity  of  the  precipitating 
body   than  is  ncceflary  to  decompofe  the  compound 
This  extraordinary  quantity  then  enables  the  precipi- 
tant 
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tant  to  combine  with  the  precipitate,  if  there  be  any 
affinity  between  them,  and  diflbh'es  the  latter  fo  en- 
tirely as  to  make  it  difappear.  If  a  quantity  of  volatile 
alkali  or  ammoniac  be  poured  upon  a  folution  of  copper 
with  the  nitric  acid,  the  copper  is  precipitated  in  the 
form  of  light  blue  flakes.  The  colour  of  this  precipi- 
tate, fo  very  different  from  the  natural  brilliancy  of 
copper,  (hows  it  at  once  to  be  an  impure  precipitate : 
If  we  add  more  ammoniac,  this  will  dill  more  plainly 
appear.  .  The  blue  flakes  are  again  diflblved  by  the  fait, 
the  fluid  becomes  gradually  homogeneous  and  tranfpa- 
tent,  and  aflumes  a  very  fine  deep  blue  colour  ;  a  fure 
proof  of  the  combination  of  the  oxide  of  copper  with 
the  alkaline  fait. 

For  our  prefent  accurate  knowledge  of  thefe  impure 
precipitates,  which  occur  much  more  frequently  than 
the  pure,  we  are  indebted  to  the  refearches  of  M.  Bayen, 
concerning  the  decompofition  of  mercurial  folutions  by 
alkalis,  and  the  date  of  the  mercury  precipitated  in 
this  operation. 

It  is  now  eafy  to  underftand  the  theory  of  the  decom- 
pofition of  compounds  of  two  bodies  by  means  of  a 
t  laird  brought  into  contact  with  them :  they  all  depend 
Upon  Ample  ele&ive  attractions. 

But  beginners  will  find  more  difficulty  in  acquir- 
lnga  diftind  idea  of  that  complicated  phenomenon  to 
^hich  chemifts  have  given  the  name  of  double  derive 
a*tra£tion.  It  often  happens  that  a  compound  of  two 
k°dies  cannot  be  deftroyed  by  a  third  or  fourth  body 
,ndividtially  ;  while,  if  a  compound  of  the  two  laft  be 
bought  into  contact  with  the  firft  compound,  both 
Ca*fcpoucds  are  inftantly  decompofed.     An  ci&A\tfo 
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will  make  this  better  underflood :  Sulphate  of  potafh, 
or  a  combination  of  the  fulphuric  acid  with  potafh 
cannot  be  decompofed  by  either  quicklime  or  the  cold 
nitric  acid  individually  ;  but  pour  into  a  folution  of  the 
former  neutral  fait  a  proper  quantity  of  the  calcareoui 
nitrate,  formed  by  the  union  of  the  nitric  acid  with 
quicklime,  the  two  combinations  will  be  mutually  de- 
compofed; the  nitric  acid  uniting  with  the  potafh 
to  form  common  nitre,  while  the  fulphuric  acid  unit- 
ing with  the  lime,  forms  fulphate  of  lime;  which  being 
lefs  liable  to  folution  than  the  nitre,  is  therefore  precL 
pitated.  This  affinity  may  poffibly  appear  ftrange  and 
unaccountable ;  but  it  may  be  explained  in  the  fol 
lowing  manner:  The  fulphuric  acid  cannot  be  fepa- 
rated  from  potafh,  either  by  lime  or  by  the  nitric 
acid,  becaufe  it  has  a  flronger  affinity  with  that  alka- 
line fubflance  than  either  of  the  two  latter  bodies  ha 
with  it  or  with  the  alkalL  But  when  you  prefent  t 
the  fulfate  of  potafh  a  compound  of  the  nitric  acl 
with  lime,  the  nitric  acid  immediately  exerts  its  tender 
cy  to  combine  with  the  potafti,  while  the  fulphuric  aci« 
is  at  the  fame  time  attra&ed  by  the  lime ;  lb  that  tla 
decompofition  of  the  fulfate  of  potafh  is  begun  by  itx 
ad  ion  of  the  nitric  acid,  and  completed  by  that  of  tin 
lime.  To  explain  this  double  affinity  ftili  more  clearly, 
let  us  fuppofe  the  force  of  adhefion,  which  unites  the 
fulphuric  acid  with  potafh,  to  be  equal  to  eight;  the 
nitric  acid  tending  to  unite  with  that  alkaline  fub- 
flance with  a  lefs  degree  of  force,  which  we  may  efti- 
mate  at  feven,  would  be  inefficient  of  itfelf  to  decom- 
pofe  the  fulfate  of  potafti ;  but  the  lime  by  its  ten- 
dency to  combine  with  the  fulphuric  acid,  aids  it  with 
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a  force  which  we  may  confider  as  equal  to  fix ;  and  thefe 
two  forces  together  amount  to  thirteen  ;  which  fum  of 
forces  is  exerted  againft  the  force  eight,  to  feparate  the 
folpburic  acid  from  the  potafh.  This  compound  force 
will  alfo  be  greater  than  that  which  maintains  the  unioa 
between  the  lime  and  the  nitric  acid. 

There  are  therefore  two  kinds  of  attra&ion  in  double 
eleftivc  attractions,  which  muft  be  carefully  diftinguifh- 
ed  from  each  other:  1.  The  fiift  is  that  by  virtue  of 
which  the  principles  of  each  of  the  two  compounds  ad- 
hw  to  one  another,  which  in  the  above  inftance  retains 
tie  fulph'uric  acid  in  union  with  the  potafh,  and  caufes 
tie  nitric  acid  to  adhere  to  the  lime.     I  (hall  follow  Mr 
Xirwan  in  giving  to  this  force  the  name  of  quiefcent  at* 
traftions ;  becaufe  its  tendency  is  to  preferve  the  two 
compounds  in  their  fir  ft  (late.     2.  The  fecond  is  that 
i>y  which  the  four  principles  of  the  two  compounds  re- 
ciprocally  change  their  fituations,  and  are  combined  in 
a  different  order  :  it  is  by  virtue  of  this  affinity,  that  in 
tic  above  inftance  the  potafh  combines  with  the  nitric 
*nd  the  lime  with  the  fulphuric  acid.  This  fecond  force 
*  ihall  here  denominate  divellent  attractions ;  becaufe  it 
coanterads  and  deftroys  the  fir  ft.     From  this  ufeful  di- 
ffinftion,  it  becomes  eafy  to  explain  the  caufe  of  this  dou- 
ble decompoGtion,  by  exhibiting  in  a  table,  as  Bergman 
**  done,  the  forces  of  the  attractions  bv  which  it  is 
Ptoduced.     Place  the  two  compounds  which  mutually 
ticcompofe  one  another  between  two  braces  dire£Uy  op- 
P°Gte,  the  acids  (landing  in  oppofition  to  the  bafes  on 
]    *hich  they  ad ;  between  thefe  four  bodies  note  down 
**te  particular  degrees  of  the  attractive  force  which  they 
e*ert  upon  each  ;  add  together  the  two  horizontal  num. 
Vcl.  I.  £  be** 
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bers,  ex pr effing  the  quiefcent  attractions ;  add  alfo 
vertical  numbers  which  are  employed  to  mark  the 
vellent  attractions :  if  the  fum  of  the  latter  exceed 
of  the  former,  a  double  decompolition  and  a  double  c 
bination  will  be  effe&ed.  The  ufefulnefs  and  accu: 
of  fuch  a  table  may  be  fhown  at  once  by  giving  an 
ample  of  it  in  the  lad  mentioned  compounds. 

EXAMPLE, 
Nitre,  or  nitrate  of  potafh. 


f  Potafh 


Sulfate 

of 
Potafh. 


\ 


7 

2- 


Nitric  n 
Acid. 


*      •  r        ~    .    n  i  Calcar- 

8  quiefcent  %  attract.  4=  1 2  t     ^ 


Sulphuric     \\ 
Acid.       13 


Lime. 


»mmi^^m* 


Sulfate  of  lime  #. 

Chemifts  have  byit  lately  begun  to  take  notic 
thefe  double  ele&ive  attradions ;  and  we  are  far  I 
knowing  them  all.  Thofe  who  are  engaged  in  chi 
cal  refearches  will  frequently  obferve  this  kind  of 
compofition  in  circumftances  where  no  iuch  phenc 
non  was  before  fufpeded  to  take  place.  In  the  hil 
of  faline  fubftances  we  will  repeatedly  have  occalio 
take  notice  of  feyera^  of  thofe  double  eleftive  attrad 

w 


*  I  have  given  ten  fimilar  examples  of  double  decorapofitionsi 
take  place  in  the  mixture  of  neutral  faks,  in  two  difTertations  5  wbic 
reader  may  confult.  S&  my  Memoirs  and  Objervati.ns  en  Chn 
Vol  I.  gvo,  Pari*,  1784,  pa^*  \Q%  %dA  V$.    F* 
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which  have  been  lately  obferved  by  Bergman,  Scheele* 
&c.  and  by  ourfelves. 

Before  concluding  our  account  of  this  tenth  and  lad 
law  of  the  attraction  of  compofition,  we  cannot  help 
taking  notice  of  an  ingenious  method  contrived  by  a 
French  chemift,  to  exhibit  at  once  all  the  more  regular 
phenomena  of  chemical  decompofition.  Geoffroy  the 
elder,  obferving  the  various  relations  which  fubfift  be- 
tween different  bodies,  and  the  precipitations  produced 
in  confequence  of  thofe  relations,  with  more  attention 
than  had  been  applied  to  that  objed  by  former  che- 
mift, contrived,  in  the  year  1718,  to  exhibit  them  in  a 
table ;  in  which  he  arranged  thofe  bodies  whofe  affini- 
ties he  had  obferved,  in  the  order  of  their  affinities.  We 
only  mention  that  ingenious  contrivance  in  this  place  ; 
but  will  have  many  future  occafions  in  the  courfe  of 
this  work,  of  explaining  it  more  particularly.  Geoffroy 
gave  that  table  only  as  a  firft  attempt,  to  which  he  well 
knew  much  might  be  added.  A  number  of  cheraifts 
have  adopted  and  enlarged  his  plan.  Rouelle  the  el- 
der made  fome  corrections  on  his  table,  and  added  feve- 
ftl  columns  to  it.  M.  de  Limbourg,  a  phyfician  at  Spa, 
in  an  excellent  differtation  on  the  affinities,  which,  in ' 
conjunction  with  another  by  M.  Sage  of  Geneva,  gained 
the  prize  offered  in  1758  by  the  academy  at  Rouen, 
has  formed  one  (till  more  extenfive.  M.  Gellert,  in  his 
Mctallurgic  Chemiftry,  has  likewife  given  a  new  table  of 
affinities.  But  none  has  contributed  more  to  the  ad* 
ttnccraent  of  this  part  of  the  fcience  than  Bergman, 
profeflbr  of  chemiftry  at  Upfal j  whofe  labours  have  been 
fc  beneficial  to  the  fcience  in  general.  That  celebrated 
chemift  has  followed  JVL  Baume,  in  diftinguifhing  the 
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fettra&ions  which  operate  in  the  humid  way,  From  tin 
which  effed  combinations  in  the  dry  way.  He  has  \ 
Ten  two  very  extenfive  tables,  in  which  he  exhibits  t 
^ledive  attractions  of  a  vaft  number  of  natural  bodi 
To  the  fame  philofopher  we  are  indebted  for  a  rt 
ingenious  table,  in  which  he  has  found  means,  by  a  j 
culiar  dHpofition  of  the  chemical  chara&ers,  to  expr« 
the  phenomena  of  double  ele&ive  attra&ion:  Oft! 
we  gave  an  example  above, 

After  giving  this  view  of  the  leading  phenomena  i 

chemical  attraction,  and  unfolding  the  laws  by  whic 

that  force  appears   to  be  regulated,  we  muft  obfervi 

that  in  fome  cafes  thefe  laws  feem  liable  to  certain  va 

riations.     We  need  not  here  mention  all  the  fads  o 

which  this  afiertion  is  founded,  a6  we  (hall  be  careft 

to  take  notice  of  them  wherever  they  occur;  only  w 

may  obferve,  that  thefe  feeming  anomalies  of  chemicf 

attraction  arife  from  the  influence  of  particular  circun 

ftances ;  fuch  as  the  quantity  of  the  fubftances,  the  ten 

perature  of  the  atmofphere,  motion  or  reft,  folution  b, 

water  or  fire,  that  is,  in  the  humid  or  in  the  moid  waj 

the  date  of  aggregation  proper  to  each  body,  &c.  Beq 

man  has  confidered  all  thefe  circumftances  with  pecc 

liar  care;  and  has  {hewn  how  far  they  may  be  expede 

to  vary  the  laws  of  attraction.  From  the  various  fad 

which  he  has  collected  relative  to  this  fubjeft,  he  coo 

eludes,  that  their  variations  can  be  regarded  only  as  ex 

ceptions,  by  no  means  fufficient  to  weaken  the  evideno 

on  which  the  dodrine  of  chemical  attraction  is  found* 

ed. 

We  are  led  to  confider  two  other  fpecies  of  affinity 

that  have  been  admitted  by  fome  authors,  in  the  faqe 

3  light, 
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tight,  the  affinity  of  intermediates  and  the  reciprocal 
affinity.  By  the  firft,  they  underftand  that  by  which 
bodies,  which  have  no  natural  tendency  to  mutual  uni- 
on, are  capable  of  being  united  after  one  of  them  has 
been  combined  with  a  third  body,  which  ferves  as  an 
intermediate  between  them :  Oil,  for  inftance,  does  not 
combine  with  water ;  but  a  combination  of  oil  with  a 
ftltconftitutes  a  foap,  which  is  foluble  in  water,  the  fait 
ading  as  an  intermediate.  But  it  is  not  the  fait  which 
lenders  the  foap  foluble,  for  its  properties  are  entirely 
loft  in  the  foap ;  the  folubility  of  this  compound  in  wa- 
ter is  owing  to  the  new  properties  it  has  acquired.  This 
phenomenon  falls  evidently  under  the  fixth  law  of  che- 
mical attraction ;  by  which  it  is  eftablifhed,  that  com- 
•  pounds  acquire  new  properties  totally  different  from 
thofe  of  their  component  principles.  y 

The  reciprocal  affinity  takes  place  when  a  compound 
confiding  of  two  bodies  is  decompofed  by  a  third,  and 
the  feparated  principle  again  decompofes  the  new  com- 
bination ;  fo  that  the  principles  feem  to  a&  reciprocal- 
\  )j*  The  fulphuric  acid  has  a  greater  affinity  than  the 
[  ritric  acid  with  potafh,  and  accordingly  decompofes 
.  *  combination  of  thefe  two  principles;  but  the  nitric 
1  ttid,  when  left  in  a  feparate  (late,  has  power  to  divide 
;  *be  fulphuric  acid  from  the  alkali ;  for  by  heating  ful- 
;  &te  of  potafh  with  the  nitric  acid,  nitre  is  again  ob^ 
\  tained.  This  kind  of  affinity,  admitted  by  M.  Baume, 
I  ttoccafioned  by  two  circumitances,  whofe  influence  di- 

;  *orbsthe  general  laws  of  chemical  affinity.    The  com- 

1 

**>n  nitric  acid  muft  be  heated  before  it  can  decompofe 
falfote  of  potafh;  and  the  nitre  obtained  by  this  pro- 
Cc&  is  again  decompofed  by  the  fulphuric  acid,  a&wa 

£  3  %% 


70  Infinity  or  Attraction 

as  the  mixture  returns  to  a  cold  date.  The  fuming^ 
or  nitrous  acid,  decompofes  fulfate  of  potafh  cold  5 
fuming  fpirit  of  fait  or  muriatic  acid  effe&s  the  fam^ 
decompofition,  according  to  M.  Cornette :  but  Berg-, 
man  has  very  properly  obferved,  that  the  odorating  and 
.  fuming  acids,  which  he  calls  phlogijlicatcd,  have  affini- 
ties different  from  thofe  which  belong  to  them  in  their 
fimple  (late.  Befides,  in  thefe  cafes  but  a  very  trifling 
part  of  the  fait  is  decompofed. 

In  all  thefe  inflances,  the  order  of  the  eledive  attrac- 
tions is  changed  and  modified  by  particular  circumftan- 
ces.     The  reft  of  the  fads  on  which  Mr  Baume  eftabli- 
flies  the  exiftence  of  the  reciprocal  affinity,  fuch  as  the 
decompofition  of  ammoniacal  muriate  by  chalk,  and 
of  calcareous  muriate  by  concrete  volatile  alkali,  come 
properly  under  the  double  affinities ;  as  (hall  be  fliowO- 
when  we  treat  of  thofe  falts. 

All  that  now  remains  to  be  faid  on  chemical  attrac- 
tion is,  to  give  fome  account  of  the  different  opinion^ 
which  have  been  advanced  by  philofophers  concerning 
the  caufe  of  this  force  *. 

The  firft  who  attempted  to  form  a  theory  on  thfa 
fubjeft,  thought  that  it  mull  arife  either  from  the  ele- 
mentary particles  of  bodies  being  all  of  the  fame  form, 
or  from  the  phyfical  configuration  of  the  parts,  ct 
laftly,  from  fome  occult  relations  of  their  intimate  com* 
pofition.  Thefe  notions  proceeded  naturally  from  the 
mechanical  explanations  which  were  applied  to  all  the 

*  phenomena 

*  That  beautiful  general  fait,  that  all  particles  of  matter,  which  m 

fvfceptiblc  of  union  by  chemical  affinity,  continually  tend  to  form  bodies  if* 

J>olybadral}  ccnjlant,  and  determinate  form;  appears  to  have  been  fuffici- 

colly  afccrtaincd  by  L'mnaus,  M.  TSLomfc  te.  IAV\t* *wd  the  Abb 6  Ha»J  5 

to  defcrvc  a  place  among  t\xe\a>w%otQ\itm\cA^vu^&Aa^--^L 


tf  Compqfition.  71 

jrfienofftena  of  nature,  in  the  infancy  of  the*  fcience  of 
natural  philofophy. 

Mod  of  the  modern  chemifts  who  have  attempted  to 
explain  the  caufe  of  chemical  attradion,  have  obferved 
a  remarkable  analogy  between  this  force  and  the  ge- 
neral attradion  difcovered  by  Newton.     Confidering 
nature  as  fimple  and  uniform,  they  have  been  led  to 
conclude,  that  the  power  poffeffed  by  bodies  of  enter- 
ing into  mutual  union,  mud  depend  on  the  fame  gene- 
nil  laws  as  that  by  which  all  bodies  are  attraded  to- 
wards each  other.     They  have  compared  the  minute 
bodies  on  which  the  force  of  affinity  ads,  with  thofe 
enormous  mafles  which  compofe  the  fyftem  of  the  uni- 
▼erfe ;  and  have  ventured  to  affirm  that  it  is  the  force 
of  gravitation  which  caufes  the  former  to  approach  each 
other,  and  enter  into  combination.    Several  perfons,  a- 
dopting  this  opinion,  but  modifying  it  in  a  particular 
manner,  have  concluded,  that  chemical  attradion  was 
in  the  ratio  of  the  gravity  of  bodies,  and  that  thofe  bo- 
dies which  w«re  of  the  greateft  fpecific  gravity  poflefled 
always  the  ftrongeft  affinities.     This  hypothefis  is  fome- 
times  indeed  juftified  by  fads,  and  agrees  with  the  affi- 
nities of  many  of  the  acids ;  but  is  contradided  by  the 
phenomena  of  a  vail  number  of  decompofitions,  parti- 
cularly of  all  thofe   in  which  metallic  fubftances  are 
concerned.     Some  chemifts  have  been  even  fo  ftrongly 
perfuaded  of  the  exigence  of  an  analogy  between  the 
attradion  of  large  bodies  and  chemical  attradion,  as 
to  imagine  it  poffible  to  mcafure  and  calculate  the  for- 
mer in  confequence  of  our  knowledge  of  the  latter. 
JM.  de  Morveau,  whofe  opinions  are  likely  to  have  con- 
fiderable  weight  with  other  chemifts,  has  made  a  num- 
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bcr  of  experiments  with  a  view  to  prove  the 
the  above  affertion.  Applying  to  a  furface  of  j 
plates  of  metal  of  the  fame  diameter,  fufpended  i 
arm  of  a  balance,  the  other  arm  of  which  carrie 
he  next  put  weights  into  the  difh  fufficient  to 
plate  of  metal  over  the  mercury;  and  he  aftuall 
by  making  comparative  trials  of  different  meti 
thefe  adhered  to  the  mercury  with  different  d< 
force,  proportioned  to  the  affinities  known  t 
between  them  and  that  fub dance.  Gold  adhe 
the  gceateft  force  to  the  mercury,  a  greater  we 
ing  neCfeffary  to  raife  it  than  to  raife  any  of  t 
metals  :  Cobalt,  again,  which  is  knpwn  to  hav< 
nity  with  mercury,  feemed  to  have  no  adhef 
that  furface,  and  was  elevated  above  it  with  the 
cafe.  But  we  mud  ufe  the  freedom  to  obfer 
from  feveral  circumftances,  fuch  experiments 
but  be  in  fome  degree  fallacious :  the  inferioi 
of  the  fmooth  plates  of  metal  applied  to  the  o 
cannot  but  combine  with  that  fubflance ;  an 
roalgam  formed  by  this  event  being  more  or 
cording  to  the  eafe  or  difficulty  with  which  tl 
unices  with  the  mercury,  this  combination  incre 
weight  of  the  plate,  and  renders  a  greater  i 
quifiie  to  raife  it  above  the  mercury.  A  plate 
tal  adhering  to  a  furface  of  mercury,  cannot  t 
above  it  without  dividing  the  mercury  into 
ers ;  fo  that  the  force  neceffary  to  raife  this  plat 
ployed  rather  in  overcoming  the  mutual  adhe 
the  particles  of  the  mercury,  than  in  dividing  t 
cury  from  the  metal. 
It  mud  be  acknowledged  then,  that  if  c 
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tttraction  be  the  fame  with  general  attra&ion  ;  jet 
the  difference  of  the  laws  by  which  thefe  two  for- 
ces are  regulated,  proves  the  former  to  be  a  parti- 
cular modification  of  the  latter.  This  truth  becomes 
evident  from  a  com  pari  fan  of  thofe  laws  of  the  New- 
tonian attra&ion  with  which  we  are  acquainted,  with 
the  general  fads  relative  to  chemical  attraction  which 
have  of  late  been  difcovered :  The  former  acts  only 
upon  large  bodies,  and  in  the  direft  ratio  of  their 
Qttfles ;  the  latter  affe&s  only  minute  bodies,  and 
has  abfolutely  no  influence  on  fuch  as  are  of  any  con- 
fiderable  bulk.  Attraction  ads  between  bodies  pla- 
ced at  an  immenfe  diftance  from  each  other :  affinity 
never  ads  but  between  bodies  in  mutual  contad.  la 
defcribing  the  laws  of  chemical  attraction,  we  have 
laid  before  our  readers,  the  fads  on  one  fide  of  this 
companion  :  and  we  are  induced  to  conclude,  that 
the  phenomena  which  thefe  two  great  laws  pre- 
fett,  are  (till  fo  ftrikingly  different,  as  to  render  it 
highly  proper  for  philosophers  to  diftinguilh  between 
them#. 


CHAP. 


*  I  cannot  help  obfenriog  here,  that  the  only  true  and  precife  defi- 
***oo  of  chemifljy  ;  and  which,  fo  far  as  I  know,  has  hitherto  been 

•  _ 

ftt  by  no  writer  or  le&urer  on  that  fubjeft ;  it  the  following;  Che- 

*I>TlY  IS  THAT  JCIEHCB  WHICH  IMYESTrGATES  THE  MODIFICATIONS 
WTH4T  ATTRACTION  WHICH  TAKES  PLACE  ONLY  BETWEEN  THB 
■"■ATI,  COMPONENT  PARTICLES  OF  BODIES.— H. 
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C    H    A    P.        IV. 

Concerning  the  Principles  of  Bodies. 

TT  has  been  the  opinion  of  philofophers  in  all  age 
that  notwithftanding  the  vaft  diverfity  of  the  b< 
dies  of  nature,  they  are  all  compofed  of  a  few  primar 
fimple  fubftances;  and  to  thefe  they  have  given  tb 
name  of  Principles.    The  analyfes  of  chemiftry,  whicl 
afford  the  ftrongeft  fads  in  proof  of  this  do&rine,  hav- 
ing enabled  chemifts  to  form  pretty  accurate  notions 
concerning  the  nature  and  differences  of  thofe  princi- 
ples ;    they  have   admitted   feveral    kinds  of  them. 
But  it  mud  be  remarked,  that  they  have  taken  the 
word  principles  in  an  acceptation  different  from  that  ifl 
which  it  was  ufed  by  the  philofophers  of  antiquity. 
Ariftotle  and  Plato  applied  the  name  principles  to  * 
clafs  of  fubftances,  which  being  of  fuch  fubtlety  as  tc 
efcape  the  observation  of  the  fenfes,    conftituted,  a! 
they  thought,  by  their  union,  thofe  bodies  of  a  lcC 
fimple  nature,  and  perceptible  to  the  fenfes,    whicl 
ftill  continue  to  be  known  by  the  name  of  elements 
Thefe  are  the  fame  fubftances  which  have  been  by  o 
thers  philofophers  denominated  atoms,  or  monads.    Ba- 
chemifts,  not  prefuming  to  extend  their  fpeculation 
to  fuch  fublime  and  fubtle  objefts,  comprehend  w* 
der  the  general  name  of  principles,   all  thofe  fubftan 
ces,  whether  fimple  or  compound,  which  they  obrai* 
by  the  analyfis  of  bodies.     But  as  the  principles  o 
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bodies,  when  confidered  under  this  point  of  view,  mud 
be  extremely  various,    they  have  divided  them  into 
proximate  and  remote.     The  firft  are  obtained  by  a 
firft  analyfis,  and  are  capable  of  being  refolved  into  o- 
tber  principles ;    thus,    by  decompofing  a  vegetable 
fubftance,  we  obtain  oils,  mucilages,  falts,  and  colour* 
cd  particles  ;  all  which  are  proximate  principles  of  the 
vegetable  fubftance,  and  each  of  them  may  by  a  new 
procefs  be  decompofed  into  other  principles.      By  re* 
mote   principles,     they    underftand  thofe   fubftances 
which,  being  Ampler  than  the  proximate,  enter  into 
their  compofition.     Thus,  mucilage,  one  of  the  proxi- 
mate principles  of  vegetables,  affords  by  a  new  pro* 
cefi,  oil,  water,  earth,  &c.     and  thefe  are  the  remote 
principles  of  the  vegetable.     Thefe  two  kinds  of  prin- 
ciples have  been  alfo  diftinguifhed  by  other  names; 
fach  as  prineipiated,  applied  to  the  proximate  princi- 
ples; and  principiant,  to  the  remote.     Thefe  epithets 
diftinguilh  the  former  as  arifing  from  the  combination 
!    of  other  fimple  principles  ;  and  the  latter,  as  ferving 
ty  their  union  to  conftitute  bodies,  which  though  of 
*  left  fimple  nature,    may  yet  become  the  princi* 
fks  of  new   compounds.      Some  chemifts,    to   ren- 
***  thefe  diflindions  more  jufl  and  accurate,    admit 
**>*«  than  two  kinds  of  principles  :     They  call  thofe 
Principles  which  appear  fo  fimple  as  to  be  incapable  of 
*ar*lier  decompofition,  primary,   or  principles  of  the 
"tffc  order :  fecondary  principles  are  formed  by  the  coni- 
zation of  the  primary  ;  the  combination  of  the  fe- 
^^^dary  cooftitutes  ternary  principles  ;    and  thefe  u- 
***^d  in  a  new  compofition,  afford  quaternary  Princi- 
pe*, &c. 
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compounds.     Laftly,  «Paracelfus  applied  the  word  eart 
to  all  thofe  fixed,  dry,  and  infipid,  refidues  which  ar  * 
obtained  in  moil  operations,  and  are  now  known  to 
very  different  in  their  natures* 

Beccher,  who  has  treated  of  the  fcience  of  chemift 
in  a  very  philofophical  manner,  being  aware  of  the  o 
jeftions  to  which  this  fy ftem  of  Paracelfus  was  liab  "X* 
and  convinced  of  its  inaccuracy,  attempted  todiftin 
guifh  the  elementary  principles  of  bodies  in  a  different 
manner.     He  firft  affumed  two  principles  very  different 
from  one  another;  moifture  and  drynefs,  earth  and 
water.     The  latter  of  thefe  he  divided  into  three  fpe- 
cies;  namely,  vitrifiable,  inflammable,  and  mercurial 
earth.     His  vitrifiable  earth  was  that  which,   taken 
alone,  was  not  fufceptible  of  any  alteration,  but  pofleP 
fed  the  property  of  forming  a  glafs  when  mixed  with 
a  certain  faline  fubftance  :  he  likewife  afcribed  to  it  the 
quality  of  rendering  thofe  bodies  into  the  compofition 
of  which  it  entered,  folic),  and  almoft  incapable  of  al- 
teration.    Inflammable  earth  was  that  which  rendered 
all  the  bodies  into  which  it  entered  capable  of  combuf- 
tion  :  Beccher  confidered  it  as  being  likewife  the  caufe 
of  odour,  colour,  and  volatility.     Mercurial  earth  he 
confidered  as  exifting  in  mercury,  arfenic,  the  muriatic 
acid,  &c  i  and  the  diftinguifhing  chara&eriftic  which 
he  afligned  it,  was  to  communicate  an  high  degree  o£ 
both  gravity  and  volatility  to  thofe  bodies  of  which  it 
conftkuted  part,  though  thefe  two  qualities  feem  dire<3> 
ly  oppofite  and  inconfiftent.     Stahl  adopted  and  illus- 
trated the  do&rine  of  Beccher.     He  confidered  inflam-* 
mable  earth  as  fire  exifling  in  a  fixed  ftate,  and  gave  it 
the  name  of  phlogiflon.    He  found  himfelf  unable  to 
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demonftrate  the  exiftence  of  mercurial  earth ;  and  we 
have  hitherto  obtained  no  certain  knowledge  concern- 
ing that  principle.     Stahl  paid  great  attention  to  com- 
binations of  earth  and  water,  and  dill  more  to  phlogif- 
tou,  but  has  faid  fcarce  any  thing  of  thofe  which  con- 
tain air;  which  Hales,  nearly  about  the  fame  time,  dif- 
covered  to  act  an  important  part  in  chemical  phenomena. 
From  the  days  of  Beccher  and  Stahl  to  the  prefent 
time,  chemifts  have  made  no  change  on  the  dodrine  of 
tbt  elements  eftablifhed  by  the  philofophers  of  antiqui- 
ty. They  have  followed  Empedocles  in  acknowledging 
four  principles,  each  of  which  they  have  confidered  as 
cxifting  in  two  different  ftates.     1.  As  free  and  initia- 
ted ;  and  in  this  date  have  the  atmofphere,  large  maflcs 
of  water,  fire  in  general,  and  the  globe  viewed  as  one 
Ttfhole,  been  confidered :    2.  As  combined ;  and  then 
the  air,  water,  and  earth  obtained  by  the  lad  analyti- 
cal operations  that  can  be  performed  on  bodies,  are  the 
fubjefts  of  inquiry. 

Such  nearly  were  the  opinions  concerning  the  prin- 
ciples and  elements  of  things  that  prevailed  from  the 

* 

time  of  Beccher  and  Stahl,  till  the  noble  difcoveries  of 

*rieftley  and  Lavoifier,  concerning  fire,  air,  and  com- 

"uftion,  exploded  thefe,  to  make  way  for  others  better 

*°Unded.     In  faft,  if  immutability  of  properties,  unity 

aj,d  fimplicity,  be  the  genuine  charalteriftics  of  ele- 

^Hts,  and  if  this  fimplicity  of  character  belong  only 

to  fuch  bodies  as  we  cannot  reduce  by  decompofition, 

n  is  to  be  remarked,  %Jl9  That  of  the  four  elements 

th^re  are  two,  air  and  water,  which  art  has  at  length 

I0Und  means  to  decompofe  and  feparate  into  feveral 

Principles,    idty,  That  elementary  earth  is  merely  the 
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creature  of  fancy ;  as  there  are  a  variety  of  earthy  i 
fiances  all  equally  fimple  and  im capable  of  decomp 
tk>n,  as  (hall  be  fhown  in  the  laft  chapter  of  this 
part :  $dfyf  That  there  are  many  natural  bodies,  f 
sis  fulphur  and  the  metals,  which  no  art  has  yet  b 
able  to  decompofe,  and  which  muft  therefore,  in 
prefent  ftate  of  our  knowledge,  be  confidered  as  fiin 
fubftances. 

From  thefe  general  confiderations,  arifing  from  fi 
which  (hall  be-more  particularly  related  in  the  folic 
ing  chapters,  and  through  the  feries  of  the  work,  it 
pears,  that  the  true  principles,  or  primary  elements 
natural  bodies,  efcape  the  obfervation  both  of  our  fes 
and  of  thofe  inftruments  which  we  employ  to  aid  i 
imperfe&ion  of  our  fenfes:  that  many  of  thofefi 
fiances  which  have  been  called  elements  on  account 
their  bulk,  their  influence  on  the  phenomena  of  nati 
and  their  being  found  to  exift  in  many  of  its  prod 
tions,  are  far  from  being  fimple  and  unchangeab 
and  that,  in  truth,  none  of  the  bodies  with  which 
are  acquainted,  is  a  fimple  fubitance,  though  we  n 
afcribe  this  character  to  fuch  as  we  have  not  hithc 
been  able  to  decompofe.  And  thefe  affertions  entir 
agree  with  the  opinions  of  fome  antient  philofoph 
who  confidered  not  the  elements  as  the  fimpleft  of  fi 
fiances,  but  believed  them  to  be  formed  of  princij 
infinitely  more  fubtle  and  immutable. 

What  we  advance  concerning  thofe  fubftances  wh 
have  for  fo  many  ages  enjoyed  the  exclufive  title  of « 
merits,  but  are  now  diverted  of  that  prerogative,  does  i 
hinder  us  from  confidering  fire,  water,  earth,  and  ak, 
forming  the  component  principles  of  moft  natural  bodi 
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Let  us  difmifs  this  fubjedt  with  an  account  of  the 
terms  which  have  been  employed  by  fome  perfons  to 
diftioguifh  bodies,  according  as  their  compofuion  is 
more  or  lefs  complex. 

The  combination  of  two  elements  forms  a  body  that 
is  called  a  mixed;  the  union  of  feveral  mixeds  conftitutes 
a  compound;  two  compounds  make  a  furcompound ; 
the  combination  of  furcom pounds  gives  a  decompound; 
two  or  more  of  thefe  united  make  a  furdecompound. 
It  would  be  difficult  to  give  inftances  of  thefe  fe- 
veral kinds  of  com pofit ions ;  we  could  indeed  go 
no  farther  than  to  the  furcompound.  Thefe  diftinc- 
lions  are,  therefore,  merely  fanciful,  and  can  be  of  no 
Ral  ufe  in  fcience.  Macquer,  to  whom  chemiftry  is 
much  indebted  for  the  prefent  perfpicuity  of  its  doc- 
trines, propofes  to  explode  this  barbarous  and  inaccurate 
nomenclature,  and  to  adopt  in  its  room,  Firft,  Second, 
Third,  and  Fourth  Order.  We  might  even  purfue  the 
&me  thought,  fo  far  as  to  adopt  thefe  names  to  dif- 
tinguifh  principles  according  to  the  order  of  the  analyfis 
.ty  which  we  obtain  them. 
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CHAP.      V. 


Of  Fire. 


TP  HOUGH  we  cannot  agree  to  receive  the  word  el 
mcnt  in  the  fame  fenfe  in  which  it  was  general 


underftood  till  the  prefent  time;  though  we  cam 
confider  thofe  four  bodies,  commonly  called  the  four  r 

m 

merits,  as  the  firft  principles  of  all  others,  and  the  fi: 
pleft  productions  of  nature ;  yet  we  are  willing  to  inqu  I  are 
into  their  nature  before  proceeding  to  others ;  becaufe*  a 
knowledge  of  their  properties  is  necelfary  to  enable  tLYrmt 
reader  to  underiland  our  account  of  the  properties    «f 
other  fubftances,  and  becaufe  they  cannot  be  arrang-^r-d 
under  any  of  thfe*  divifions  of  natural  hiftory,  being  co 
fined  to  no  particular  departments  in  nature,  but  e 
tending  equally  through  ail. 

None  of  the  four  elements  difplays  greater  aftivi*/1 
or  fimplicity  than  Fire.     The  more  ancient  philoso- 
phers,  who  in   this   particular  have   been   uniforirafy 
followed  by  their  fucceflbrs,  gave  this  name  to  a  fu»^- 
ilance  which  they  fuppofed  to  be  fluid,  active,  penetrat- 
ing, confiding  of  particles  actuated  by  a  lively  and  !*■ 
ceffant  motion,  and  the  firft  principle  of  all  fluidity  a*1" 
motion.     Whoever  confiders  this  fubjedt,  muft  readier 
perceive,  that  it  was  merely  by  conjedure  they  afcri  b- 
ed  thefe  properties  to  a  particular  elementary  body  : 
for  though  the  exiftence  of  the  other  three  elements 
have  always  been  undeniably  citabiifhed,  yet  the  exi*- 

vine* 
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of  this  has  never  been  demonftrated.    There  ia 
d  to  think,  that  in  all  languages,  and  among  all 
^^^•lons,  the  firft  ufeof  this  word  was  to  denote  the  im- 
p^cflion  which  hot  bodies  make  upon  the   ikin;  and 
that  it  is  fignificant  of  the  light  which  iffues  from  bodies 
in    oombuftion,  as  well  as  fynonymous  with  the  word 
bctzt.    Many  have  confidered  it  in  this  view,  admitting 
the  exiftence  of  fire  only  where  heat  is  felt  or  combuf* 
tion  carried  on.     Chancellor  Bacon  was  among  the  firft 
*.tftat  began  to  doubt  the  exiftence  of  fire  as  a  particular 
fluid ;  and  obferved,  that  natural  philofophers,  in  de- 
fining it9  had  always  miftaken  a  property  for  a  fubftance. 
Boerhaave,  whofe  Treatiie  on  Fire  will  be  ever  regard- 
ed as  a  mafterpiece,  was  fenfible  of  this  difficulty  ;  and 
in  order  to  difcover  the  properties  of  this  pretended  ele- 
ment, examined  what  effects  it  produces  on  thofe  bodies 
*n  which  it  is  believed  to  exift j  fo,  like  former  philofo- 
phers, he  has  rather  given  the  hiftory  of  hot,  luminous, 
rarefied,  and  burning  bodies,  than  of  fire.     This  diffi- 
culty mud  ever  continue  to  perplex  the  philofopher. 
The  properties  of  fire  cannot  but  be  intimately  con- 
n-Qed  with  thofe  of  the  bodies  on  which  it  acts :  we  can 
form  no  idea  of  it  as  exifting  in  a  feparate  ftate.     Not- 
withftanding  the  prefent  advanced  ftate  of  chemiftry, 
the  exiftence  of  this  fubftance  is  ftiil  undetermined. 
Philofophers  continue  to  believe  in  its  exiiteoce,  but 
are  able  to  give  a  fatMactory  explanation  only  of  its  ef- 
fects.    Xbefe  difficulties  have  induced  feveral  chemifts, 
^ong  whom  was  the  celebrated  Macquer,  to  confider 
Urc  as  being  nothing  more  than  light,  and  heat  a«  a 
J      certain  modification  of  bodies,  produced  by  the  motion 
aud  colhfioa  of  their  component  particles.     But  this 


'*4  Light** 

opinion  no  longer  prevails  among  thofe  who  ctrtti 
chemiftry.    In  order  to  enter  into  the  feveral  tbe< 
which  have  of  late  been  advanced  concerning  fire, 
mud  confider  it  in  a  more  particular  manner.    Tc 
quire  an  accurate  knowledge  of  this  matter,  am 
comprehend  that  immenfe  feries  of  fads  which  at 
fent  conftitute  the  body  of  the  fcience  of  chemiftry 
muft  make  a  methodical  divifion  of  our  fubjed,  exat 
and  difcufs  with  pains  its  feveral  parts  and  fubdivifi 
and  confider  in  fucceffive  order,  as  fo  many  diftinf 
feds  of  fire, — light,  heat,  rare  fad  ion,  the  changes 
duced  on  bodies  by  heat,  and  the  particular  qual 
afcribed  to  fire  in  a  ftate  of  combination,  when  it 
tains  the  name  of  Phlogifton,  &c. 

S  I.     Of  Light. 

The  exiftence  of  light  is  not  doubtful,  like  tf 
fire :  both  its  exiftence  and  its  properties  are  at  p 
well  known.     This  body,   which  is  thought  tc 
from  the  fun  and  the  fixed  ftars,  is  the  principle 
enables  the  organs  of  fight  to  inform  us  of  the  p 
of  other  bodies.     Without  it  we  ftiould  be  in? 
perpetual  darknefs,  and  our  eyes  would  be 
ufclefs.     Being  refleded  in  right  lines  from  the 
of  thofe  bodies  on  which  it  falls,  it  fir  ikes  tl 
fuch  a  manner  as  to  paint  on  the  retina  the 
thofe  objeds  from  which  it  is  refleded.     IV 
been  found  to  colled  its  rays  in  a  darkened 
in  fuch  a  manner  as  to  render  their  propertie 
examination,  by  exhibiting  them  diitind  f 
dies  which  they  illuminate. 
I 
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"Hie  motion  of  light  is  fo  rapid,  that  it  pafles  through 
™fc  fpace  of  eighty  thoufand  leagues  •  in  a  fecond  of 
"Oie,  according  to  the  mod  eminent  aftronomers.     It 
Stoves  in  a  re&ilinear  direction,  and  confifts  of  rays, 
^hich,  after  ifluing  from  the  ftars,  feparate  and  diverge 
***  obedience  to  the  impulfe  originally  communicated 
£0  them.     Such  is  their  elafticity,  that  when  they  fall 
on   a  furface  capable  of  reflecting  them,  the  angle  of 
their  reflection  is  nearly  equal  to  that  of  their  inci- 
dence ;  as  is  feen  in  the  ftudy  of  catoptrics.    When 
light  pafles  near  any  body,  it  is  more  or  lefs  infle&ed 
towards  that  body ;  which  inflexion,  by  evincing  its 
gravitation,  fhows  it  to  be  a  diftinft  fubftance. 

However  great  its  fubtlety  and  velocity,  yet  it  does 

sot  move  invariably  in  a  right  line.     Such  bodies  as 

o*eetandobftru&  its  paflage,  caufe  it  to  deviate  from 

its  original  dire&ion.     When  paffing  obliquely  out  of  a 

r**"«  into  a  denfe  medium,  it  is  refraded  like  any  other 

^lidbody  ;  but  Newton  f  difcovered  its  refrangibility  to 

*^  diredly  contrary  to  that  of  other  bodies.    Other  bo- 

***^s  recede  from  the  perpendicular  line  whenever  they 

into  a  denfer  medium j  but  light,  on  fuch  an  occa- 

n,  approaches  nearer  to  the  perpendicular.     To  ex- 

the  laws  of  the  refradion  of  light  is  the  province 

dioptrics. 

When  light  reaches  the  furface  of  the  earth,  it  dif- 
fers to  animals  the  prefence  of  material  bodies,  and 
s  them  to  diftinguiih  them  into  opaque,  tranfpa- 

F  3  rent, 

Twenty-fire  of  which  make  a  degree ;  equal  to  1 67,ocogcog.  miles* 

-+  We  owe  the  fiift  accontc  account  of  theft  phenomena  to  S 
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rent,  and  coloured-  Its  prefenc?;  is  To  neceuary  to  r< 
der  thefe  properties  perceptible,  that  in  darknefs  bod 
become  totally  undiftinguifhable.  Difference  of  opa 
ty,  tranfparency,  and  colour  in  bodies,  depends,  the 
fore,  on  the  manner  in  which  they  are  affected  by  lig 
or  in  which  they  affect  this  fubftance.  A  body  is  tra 
parent  when  the  rays  of  light  pafs  eafily  through  i 
which  depends  no  doubt  on  the  form  of  its  pores, 
jnany  tranfparent  fubftances  have  great  hardnefs  a 
fpecific  gravity,  the  particles  of  light  which  penetr, 
through  them  muft  therefore  be  extremely  fubtle. 
the  particles  of  light  pafs  through  thofe  fubftances,  th 
are  refra&ed  in  the  ratio  of  their  denfity,  if  they 
(tones,  falts,  or  vitreous  fubftances  :  but  tranfpart 
bodies  of  the  combuftible  clafs  refledt  the  particles 
light  in  a  different  ratio.  Thus,-  yellow  amber  ha 
much  greater  refringent  power  than  a  faline  cryfta 
equal  denfity. 

By  examining  the  various  refra&ions  and  reflect! 
of  light,  the  great  Newton  was  at  length  enabled 
decompofe,  or  rather  to  diffeft,  this  body,  fo  far  as 
difcover  that  the  rays  which  compofe  a  beam  of  lij 
•were  each  of  a  peculiar  colour. '  Before  him  men's  i 
tions  of  the  caufe  of  colours  were  very  obfeure  and  i 
diftinft.  The  refraction  and  reflection  'of  each  ray 
light  are  determined  by  particular  laws ;  and  thercft 
when  a  ftream  of  light  is  directed  fo  as  to  fall  on  the  i 
gle  of  a  triangular  glafs  prifm,  and  the  prifm  is  turn 
round  on  its  axis ;  the  rays  which  compofe  the  fire; 
of  light  being  refracted  according  to  different  laws, ; 
feparated  in  palling  through  the  glafs,  and  if  receh 
on  a  plane  white  lurfece,  form  a  long  fpedrum,  © 
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*&ng  of  the  feven  following  colours ;  red,  orange,  yel- 
low* green,  blue,  purple,  and  violet. 

The  furfaces  of  opaque  variegated  bodies  produce 
*he  lame  effects  as  the  prifai  on  light.     Such  feems  to 
be  the  caufe  of  that  diverfity  of  colours  which  confti- 
***tes  fo  confiderable  a  part  of  the  beauties  of  nature; 
^fiien  all  the  rays  which  fall  upon  any  opaque  body 
are   refle&ed,  without  fuffering  any  abforption  or  repa- 
ration by  that  furface,  they  ftrike  our  eyes  with  all 
their  luftre,  and  the  colour  produced  is  a  white :  But 
againt  if  the  fame  rays  fall  on  a  furface  by  which  they 
are  all  abforded*  the  eye  then  beholds  a  deep  (hade; 
which  being  a  direft  contrail  to  the  former,  conftitutes 
black,  or  rather  abfolute  negation  of  colour.     In  Ihort, 
**  every  beam  of  light  confifts  of  feven  different  co- 
loured rays,  of  various  degrees  of  refrangibility,  what 
diverfifies  the  colours  of  natural  bodies  is  the  various 
"'fpofition  of  the  particles  of  their  furfaces  ;   forae  of 
*bich  reflect  one  ray,  abforbing  all  the  reft,   others 
.  a°other,  and  fo  on.  Colour  depends,  therefore,  on  the 
Da*Ure  of  the  furfaces  of  bodies,  and  tranfparency  on 
™e   form  of  their  pores  ;  and  both  are  occasioned  by 
e  modifications  produced  on  light,  either  by  the  fu- 

^erficies  or  the  interior  parts  of  the  bodies  on  which  it 

fall 
^**s^    A  blue  or  red  colour  is  produced  by  the  decom- 

^°**tion  of  a  beam  of  light,  and  the  abforption  of  all  its 

J*"  «f  excepting  the  blue  or  the  red. 

X^hefe  are  the  chief  properties  of  light,  when  confi- 

***^d  in  a  free  date,  or  as  it  iflues  from  the  fun  and 

**e  fixed  ftars.     But  are  we  to  examine  it  only  in  this 

*ree  and  infulated  ftate  ?  Is  not  this  body,  as  well  as 

*U  the  reft  with  which  we  are  acquainted,  fubjedl  to 

I  4  \Jaa 
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the  laws  of  chemical  attradtion  ?  The  phenomena  i 
light  are  not  confined  to  the  modifications  which  it  fu 
fers  from  the  furfaces  of  bodies.  Subftances  expofed 
its  influence,  by  being  immerfed  in  its  dreams,  oft* 
fuffer  an  alteration  and  entire  change  of  nature,  withe 
any  other  known  caufe  ;  and  it  is  reafonable  to  thnc 
that  fuch  changes  are  produced  by  the  operation  of  lig* 
which  is  enabled  to  effedt  them  by  being  capable  of  cl 
roical  attraction.  Art,  indeed,  has  not  yet  been  at 
to  determii\e  whether  thefe  alterations  be  occafioned  1 
the  decompofition  of  light,  or  by  that  of  the  bodies . 
contact  with  it,  or  by  the  mutual  decompofition  of  botl 
which  la  ft  is  highly  probable  :  but  they  are  too  nunn 
rous  and  too  ftriking  to  be  paffed  over  unnoticed.  W 
ihall  here  mention  only  a  few  of  the  mod  remarkable 
becaufe  our  attention  will  be  more  particularly  turne 
towards  this  objedl  in  the  hiftory  of  natural  bodies. 

Naturalifts  have  long  obferved  the  influence  of  ligfc 
on  vegetation.  Thofe  engaged  in  the  cultivation  c 
plants  firft  obferved,  that  fuch  as  grow  in  the  fhadear 
of  a  paler  colour.  This  phenomenon  has  received  th 
same  of  atialation  ;  and  the  plants  on  which  it  take 
place  are  faid  to  be  atiolated.  Herbs  growing  undc 
Hones  are  white,  foft,  aqueous,  and  infipid.  Gardei 
ers  take  advantage  of  this  cireumftance  to  fupply  01 
tables  with  white  and  tender  herbs  and  pulfe;  for  the 
bind  their  leaves  fo  clofely  together,  that  the  exteri* 
defend  the  interior  from  the  contadl  of  the  light.  Tl 
colour  of  herbs  is  pale  or  deep  in  proportion  as  they  ai 
lefs  or  more  expofed  to  the  raya  of  the  fun  ;  and  in  coi 
fequence  of  this,  the  nations  of  the  eaft  obtain  from  tt 
wood,  bark,  or  roots  of  trees,  many  of  the  moll  valu- 
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ble  colouring  fluffs,  both  for  permanency  and  luftrc, 
which  all  the  ingenuity  of  European  dyers  has  never 
been  able  to  imitate. 

Colour  is  not  the  only  property  that  vegetables  de- 
rive from  the  influence  of  light.    From  the  fame  fource 
they  acquire  tafte,  fmell,  and  corabuftibility.     Thus 
light  contributes  to  the  ripening  of  fruits  and  feeds; 
and  under  the  torrid  climate  of  America,  vegetables 
in  general  are  highly  odorous,  fapid,  and  refinous,  &c. 
l«aftly,  light  exerts  fo  powerful  an  energy  on  the  or- 
ganization of  vegetables,  that  when  the  rays  of  the  fun 
fall  upon  them,  their  leaves  pour  from  their  fuperior 
pores  copious  dreams  of  vital  air ;  but  when  hid  from 
the  influence  of  that  planet,  they  exhale  a  deleterious 
mephitic,  or  rather  a  real  acid,  of  the  fame  nature  with 
that  which  is  extra&ed  from  chalk.     This  important 
difcorery  was  firft  made  by  Dr.  Prieftley.    M.  Ingen- 
honfze  has  profecuted  it  much  farther ;  and  from  the 
experiments  and  obfervat ions  of  both,  it  appears  how 
powerful  the  influence  of  light  is  on  vegetation.     In  a 
great  number  of  chemical  operations,  light  is  found  to 
a^fc  trith  the  fame  energy  as  in  thefe  more  general  in- 
duces.   There  is  not  one  fubftance  in  nature,  that,  if 
Pu*  into  a  clofe  glafs  veflel,  and  expofed  to  the  rays  of 
t*le  fun,  will  not  fuffer  fome  alteration  from  their  in- 
**uexice#     Thefe  alterations  are  moft  remarkable  in  mi- 
Iler^l  acids,  oxides,  or  metallic  calces,  vegetable  pow- 
**ei\  and  volatile  animal  oils.    Not  a  fingle  metallic 
°^1«lc,  though  more  efpeciaily  that  of  mercury,  but 
u™^rs  a  change  of  colour,  afluming  generally  a  deeper 
*«a<ie  from  being  expofed  to  the  rays  of  the  fun.  Paint- 
Crs*  colours  which  are  kept  by  merchants  ia  glafs  hot*. 
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tics,  afford  a  good  inftance  of  this.  Mineral  acids  ex~ 
pofed  to-'^e  fun  become  fuming,  higher  coloured,  and 
mere  volatile;  metallic  fairs  become  black ;  animal  oils 
aflume  a  bro./n  dufky  colour.  All thefe changes  merit 
the  mod  careful  attention  of  chemifts;  they  afford  vaft 
fcooe  to  refearch,  and  have  not  hitherto  been  obferved 
with  fufficient  care.  Scheele  was  the  firft  who  defcrib* 
ed  any  of  them.  M.  Berthollet  has  alfo  turned  his  views 
to  this  objeft ;  and  we  (hall  afterwards  fee  that  he  has 
determined  accurately  what  pafles  in  many  of  thefe  al- 
terations. 

S  II.     Of  Heat. 

To  examine  the  properties  of  heat  is  a  much  more 
difficult  tafk  than  to  examine  thofe  of  light.  Bodies 
when  heated  acquire  no  additional  gravity;  which  might 
ferve  to  prove  that  heat  is  a  diftiod  fubftance.  Bacon, 
and  many  other  great  men,  have  thought  heat  to  be 
only  a  certain  modification  of  which  bodies  are  fufcep- 
tible.  It  is  certain  that  natural  philofophers,  as  well  as 
other  men,  have  always  conildered  its  prefence  as  a 
fure  indication  of  the  prefence  of  fire ;  have  fometimes 
confounded  it  with  that  element ;  and  fometimes  confi- 
dered  heat  as  one  of  the  diftinguifhing  properties  of  fire. 

Its  leading  properties  are,  to  penetrate  through  all 
bodies;  to  diffufe  itfelf  equally ,  and  to  tend  to  an  equi- 
librium ;  to  dilate  all  fubftances  into  which  it  infinuates 
itfelf,  cauling  them  to  pafs  from  a  folid  to  a  fluid  ftate* 
and  from  this  to  affume  the  form  of  elaftic  fluids. 

Heat  is  ufually  communicated  to  bodies  in  one  or 
another  of  thefe  three  ways;  by  contact,  by  motion, or 

by 
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by  combination.  Every  perfon  mud  have  obferved, 
that  when  two  fluids  different  in  temperature,  the  one 
fenfibly  warm,  and  the  other  fenfibly  cold,  are  mingled 
together,  the  former  lofes  part  of  its  heat,  which  is  com- 
municated  to  the  fecond,  fo  that  the  temperatures  of 
both  become  the  fame.  It  is  equally  well  known,  that 
when  two  folids,  the  one  warm,  the  other  cold,  approach 
each  other,  the  latter  robs  the  former  of  part  of  its  heat, 
and  the  temperatures  become  equal.  As  to  the  calling 
forth  of  heat  by  motion  ;  the  friction  of  any  two  folid 
fubftances,  fuch  as  two  hard  (tones,  two  pieces  of  wood, 
ivory,  or  metal,  produces  a  heat  which  often  rifes  to  in- 
flammation. The  production  of  heat  by  combination  is 
no  lefs  undeniable.  The  union  of  concentrated  acids 
with  water,  quicklime,  pure  alkalis,  or  metals,  is  pro- 
duclive  of  a  ftrong  heat :  the  combination  of  certain 
fluids,  fuch  as  oil  and  fpiritof  nitre,  is  even  fo  powerful 
this  way  as  tocaufe  inflammation. 

The  laws  of  the  communication  of  heat  were  confi- 
dered  as  analogous  to  thofe  of  motion,  till  the  labours 
of  Mcflrs  Black  of  Edinburgh,   Wilcke  of  Stockholm, 
Irvine  of  Glafgow,  Crawford  and  Kirwan  of  London, 
and  Lavoifier  of  Paris,  gave  us  new  and  more  accurate 
ideas  on  the  fubject.     The  refearches  of  thefe  philolb- 
phers  have  ihown,  tint  nothing  was  lefs  known,  or  in- 
volved in  greater  difficulties,  than  the  progrefs  and  com- 
munication of  heat  among  budies  unequally  heated. 
Their  experiments,   though  highly  ingenious,  are  not 
yet  fuflkiently   numerous.     They   themiclvcs  do  not 
prefume  to  conlider  their  obfervations  as  of  iuflicient 
weight  to  form  an  elementary  part  in  the  fuence  of 
chexniflry  :  But  it  u  highly  prubable  that  tbele  will  lead 
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to  the  eftablifhment  of  a  general  theory,  which  may 
applied  to  all  the  phenomena  of  chemiftry ;  in  eve 
one  of  which  heat  ads  a  partt  by  either  its  abforptii 
or  difengagement. 

Even  the  niceft  and  mod  accurate  obfervations  hff 
been  hitherto  infufficient  to  afford  us  any  determioa 
ideas  of  the  nature  of  heat ;  and  both  chemifts  and  o 
tural  philofophers  are  dill  divided  in  their  opinions  < 
this  fubjed.  Part  follow  Bacon  of  Verulam,  in  cool 
dering  heat  to  be  nothing  more  than  a  modification 
which  all  natural  bodies  are  fufceptible j  which  has  i 
feparate  exiftence,  but  confifts  in  the  ofcillation  oft) 
niinute  particles  of  bodies.  This  was  Macquer's  q 
nion.  The  philofophers  who  maintain  it,  fupport 
on  the  following  fads.  Heat  accompanies  all  the  ph 
nomena  of  motion,  and  appears  fubjed  to  the  fill 
laws :  It  is  increafed  with  the  increafe  of  motion,  ai 
diminifhed  by  its  diminution.  Excepting  its  coma 
irication  or  paflage  from  one  body  into  another, 
which  it  follows  laws  different  from  thofe  of  motioi 
in  all  other  refpeds  there  is  a  (hiking  analogy  betwe 
the  two ;  and  when  this  caufe  ads  with  lefs  force, 
entirely  ceafes  to  ad9  heat  is  inftantly  diminifhed,  ai 
foon  totally  loft.  To  explain  this  hypo  the  (is,  the  pi 
lofophers  by  whom  it  is  maintained  obferve,  that  ev 
bodies  of  the  greateft  denfity  are  full  of  fmall  caviti 
or  pores,  the  fum  of  which  if  they  were  taken  togetfa 
would  perhaps  occupy  a  larger  fpace  than  the  fol 
matter  of  the  body  that  contains  them.  Thefe  vc 
fpaces  afford  room  for  the  particles  to  move  one  agaii 
another  in  a  continual  ofcillation.  The  ofcillations  a 
not  obferved,  becaufe  both  the  particles  and  pores  a 
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lb  fubtle  and  minute  as  to  elude  our  fenfes.  Laftly, 
The  philofophers  who  regard  heat  as  an  internal  mo- 
tion, urge  that  no  experiment  has  hitherto  demonftrated 
its.exiftence  in  a  feparate  date,  and  that  it  makes  no 
tddhion  to  the  gravity  of  bodies,  &c. 

On  the  contrary,  many  other  philofophers,  and  fome 
modern  chemifts,  are  of  opinion,  that  heat  is  a  particu- 
lar fluid,  diffufed  through  all  nature,  of  which  every  bo- 
dy contains  more  or  lefs.    They  diftinguifh  this  fluid  as 
cutting  in  two  different  ftates, — in  combination,  and 
at  liberty.    In  the  former  date,  it  neither  afte&s  our 
fenfes  nor  the  thermometer,  but  remains  quiefcent  in 
thole  bodies  of  which  it  conftitutes  a  principle ;  it  is 
then  more  or  lefs  in  a  date  of  confinement.    In  the  de- 
compofition  of  the  bodies  it  is  often  difengaged,  and 
cfcapes  into  a  ftate  of  liberty  :  it  now  becomes  capable 
°f  ading  on  bodies  expofed  to  its  influence;  and  its 
force  is  meafurable  by  a  graduated  thermometer.     As 
*U  bodies  that  pafs  from  a  folid  to  a  fluid  ftate,  and 

thence  into  a  vaporous  form,  excite  cold  in  the  (unround- 

• 

***{$  atmofphere,  they  fufpeft  that  fuch  bodies  abforb  a 
great  quantity  of  heat ;  and  when  fluids,  by  afiuming 

a    concrete  form,  generate  heat,  they  think  that  heat 

•  _ 

19    then  difengaged  from  thofe  fubftances,  and  pafles 
fr°m  a  ftate  of  combination  into  a  ftate  of  liberty. 

Scheele,  as  well  as  Bergman,  being  perfuaded  that 
*eat  is  a  diftinft  fubftance,  has  examined  with  great 
*tCctition  all  the  phenomena  which  it  difplays  as  a 
c**^xiucal  agent  fufceptible  of  combination.  He  has  c- 
Ve**  thought  himfelf  warranted  by  his  experiments  to 
c°*Vclude,  that  it  is  a  combination  of  vital  air.  which 
*e  «dls  empjrcalfir*%  and  fixed  fire  or  phlogiftoa,  sod 
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differs  from  light  only  in  the  relative  quantity  of  the 
Lift  principle.     But  however  ingenious  and  accurate 
his  experiments,  the  inductions  which  he  has  drawn ' 
from  them  concerning  the  nature   and  principles  of 
heat,  do  not  appear  to  be  naturally  deduciblefrom  the 
fads ;  and  we"cannot  confider  his  analyfis  of  heat:  M 
fully  demonftrated  to  be  juft.     Some  philofophero  axe 
of  opinion,  that  light  and  heat  are  the  fame  fubftanee, 
only  exifting  in  different  ftates.     This  fubftanee  be- 
comes light,  when  its  particles  being  collected  toge. 
ther,  and  pofiMfing  all  their  attradlive  force,  are  vio- 
lently darted  to  a  diftance  :  it  affumes  the  charafter  of 
heat,  when  the  fame  particles  exift  in  a  (late  of  divi- 
fion,  move  gently,  and  tend  towards  an  equilibrium* 
Heat  may  be  converted  into  light,  and  light  again  intp  ' 
heat.     It  muft  be  acknowledged,  however,  that  light 
often  produces  effects  very  different  from  thofe  of  heat; 
as  on   the  nitric  acid,  the  oxigenated  muriatic  acid, 
the  calces  or  oxides  of  metals,  and  the  leaves  of  vege- 
tables dipped  in  water ;  all  which  bodies  afford  vital 
air  or  oxigenous  gas  when  expofed  to  the  rays  of  the 
fun,  which  can  be  obtained  from  fcarce  any  of  them 
by  the  operation  of  heat.     Thus  the  artificial  light  of 
our  fires  pafiing  through  veffels,  changes  the  nature  of 
the  products  which  it  difengages.     Laftly,  Meflrs  La- 
voifier  and  De  la  Place  feem  to  think  both  thefe  opini- 
ons true  :  they  conlider  heat  as  a  diftind  fubftanee,     i 
which  by  its  prefence  in  natural  bodies  occafions  an  o£- 
cillation  of  their  component  particles.  , 

But  though  the  nature  of  heat  be  not  certainly  ■' 
known,  the  phenomena  to  which  it  gives  rife  in  che-  ,  * 
mical  combinations  and  decompofitions  are  not  the  left 
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certain  on  that  account,  and  are  worthy  of  careful  ob- 
fervation.  It  appears  from  a  vafl  variety  cf  facts,  that 
whether  a  body  or  a  modification,  it  is  of  kfelf  liable  to 
no  alteration,  and  is  never  loft;  and  the  coniljeration 
of  this  has  induced  Meffrs  Lavoifier  and  De  la  Place  to 
form  an  axiom  or  general  principle  concerning  its  ap- 
-pearance  or  difappearance.  As  that  axiom  is  of  the 
high  eft  confequence,  we  (hall  inftrt  it  here. 

■*  If  in  a  combination,  or  in  any  change  of  (late 
whatsoever,  there  be  a  diminution  of  free  heat,  the 
whole  of  that  heat  will  again  appear  when  the  fubflan- 
ces  are  reftored  to  their  former  (late ;  and  on  the  con- 
trary, if  in  any  combination  or  change  offtate  there  be 
increafe  of  free  heat,  this  additional  heat  will  dif- 
ppear  when  the  fubftances  return  to  their  original 


They  generalize  this  principle  flill  farther,  fo  as  to 
it  extend  to  all  the  phenomena  of  heat  ;  and 
they  then  exprefs  it  in  the  following  terms.  "  All  the 
variations  of  heat,  whether  real  or  apparent,  that  any 
fyftem  of  bodies  can  fuft'er,  are  reproduced  in  an  in- 
verfe  order  when  the  fyftem  returns  to  its  original 
ftate." 

In  order  to  meafure  the  quantity  of  heat  that  is  ab- 
Ibrbed  or  difengaged  in  the  various  phenomena  of  che- 
miftrj,  which  appears  from  what  has  been  !aid,  to  be 
an  objed  of  the  higheft  importance  j  mod?:  r:  philofo- 
phers  have  endeavoured  to  find  means  for  c:/.  reding 
the  obfervations  of  the  thermometer,  and  extending  its 
fcale.  M .  Wilcke  propofed  to  eftimate  the  lie  is  o:  bo* 
dies  by  obferving  what  quantities  of  {now  they  could 
melt  in  a  given  time.   Meflrs  Lavoifier  and  De  la  Place 
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have  contrived  a  method  which  is  more  certain  and  moi 
eafily  pra&icablc;  reducing  fubfta nee s  that  produce  ha 
bj  their  combination,  as  well  as  the  veflels  in  which  the 
are  contained,  to  the  temperature  of  32°  Fahrenheit 
they  then  put  them  into  a  veffel  laid  round  with  ice 
and  as  the  interior  furface  of  the  ice  cannot  be  meltft 
but  by  the  heat  which  is  difengaged  while  the  fubftac 
ces  are  entering  into  combination,  the  quantity  of  th 
heat  thus  difengaged  may  be  meafured  by  the  quantity 
of  the  water  obtained  by  the  melting  of  the  ice,  whiel 
muft  be  carefully  colle&ed*.  By  thia  procefs  the] 
have  been  able  to  eftimate  the  fpecific  heats  of  various 
bodies,  to  meafure  the  quantity  of  heat  abforbed  in?* 
rious  combinations,  and  even  to  determine  how  mud 
is  difengaged  in  combination  and  re fpi ration.  We  an 
obliged  to  refer  our  readers  to  the  work  of  thofe  leant 
ed  academicians  themfelves,  for  an  account  of  this  in- 
genious inftrument,  and  the  manner  in  which  it  is  to 
be  applied  to  the  various  purpofes  for  which  it  is  adapt* 
ed;  as  the  detail  of  particulars  neceflary  to  explain  it 
would  be  inconfiftent  with  that  brevity  which  we  meal 
to  follow  through  the  courfe  of  this  work  f . 

Here  let  us  confider  more  particularly  the  refefl* 
blance  that  appears  in  fome  inftances  between  light 
and  heat,  as  well  as  thofe  peculiarities  by  which  they 
are  diftinguifhed  from  each  other  in  the  operation* 

both 

*  We  underftand  from  the  Philofophical  Tranfa&Ions,  that  in  fo«* 
attempts  made  by  an  ingenious  Englifhman,  it  was  found  that  eft* 
this  method  may  be  fallacious. — H. 

f  Sec  a  Memoir  on  Heat,  read  before  the  Royal  Academy  of  Sdr 
enccs  on  the  a8th  of  June  1783,  by  Mcffrs  Lavoificr  aad  Dc  la  &* 
*f  that  Academy.— F. 
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both  of  nature  and  art.  Though  the  light  of  the  fun's 
rajs  warm  thofe  bodies  on  which  it  falls ;  yet  we  mull 
not  conclude  from  this  circumftance  that  light  and 
beat  are  the  fame ;  there  are  a  great  many  inftances 
in  which  light  is  totally  deftitute  of  heat,  and  others 
again  in  which  heat  is  not  accompanied  with  light  ; 
and  a  number  of  philofophers  therefore  confider  them 
n  eflentially  different.  In  fact,  phofphori,  diamonds, 
putrid  wood,  animal  fubftances  in  a  (late  of  putrefac- 
tion, luminous  infeds  and  worms,  as  well  as  the  rays 
tf  the  moon,  concentrated  on  metallic  mirrors  or  len- 
fe,  afford  aftrong  fparkling  light,  but  no  fenfible  heat; 
and  all  the  bodies  in  nature  may  be  ftrongly  heated 
without  becoming  luminous. 

The  rays  of  the  fun  appear  to  produce  heat  merely 
by  their  impulfe  on  the  bodies  on  which  they  fall,  or 
tythe  friction  which  they  fuffer  from  thofe  through 
which  they  pafs.  Red,  and  more  particularly  black 
opaque  bodies,  are  fooner  heated  than  white,  bright 
fa&ces ;  doabtlefs  becaufe  they  refradl  the  rays  more 
powerfully,  and  perhaps  even  becaufe  light  enters  into 
combination  with  thofe  high-coloured  fubftances,  while 
*bite  furfaces  do  not  abforb,  but  reflect  the  rays  which 
&11  upon  them. 

With  regard  to  the  prod u (ft ion  of  light  by  a  ftrong 
Gtotinued  heat,  as  in  the  combuftion  of  oils,  wood,  or 
pcafc,  and  the  ignition  of  metals  and  (tones  ;  this  may 
*&  be  accounted  for  without  allowing  the  indentity  of 
%htand  heat.  When  combuftible  bodies  are  ftrongly 
^ited,  they  at  length  produce  flame ;  which  has  the 
**i&e  cflfefts  as  the  rays  of  the  fun,  and  fupplies  their 
*bfence.     But  this  light  which  is  produced  by  inftam- 
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ination,  may  have  before  fubfifted  either  in  the  eon 
buftible  body  or  in  the  air,  the  prefence  of  which  i 
neceflary  for  its  production :  and  this  fad,  therefon 
affords  no  proof  that  heat  may  be  changed  into  light 
The  ignition  of  incombuftible  bodies,  Aich  as  (tones,  ii 
which  light  cannot  fubfift  in  a  combined  ftate,  not  a 
lead  in  the  fame  manner  as  in  combuftible  bodies,  hs 
been  very  ingenioufly  explained  by  Macquer.  In  hi 
opinion  it  depends  on  the  ftrength  of  the  vibration 
communicated  tQ  the  particles  of  thofe  bodies  by  tb 
impulfe  of  heat.  Thofe  vibrations  difpofe  the  partkkl 
in  fuch  a  manner,  that  their  facets,  a&ing  like  fa  maoj 
little  mirrors,  refledt  upon  our  eyes  the  rays  of  ligfai 
which  exift  in  the  air  by  night  as  well  as  by  day ;  &f 
we  are  involved  in  darknefs  during  the  night,  for  no 
other  reafon  but  becaufe  thefe  are  not  then  fodirefttdH 
to  fall  upon  our  organs  of  fight. 

Such  were  the  notions  of  Macquer  and  of  manyothci 
philofophers.  But  a  very  numerous  lines  of  accurate 
fads  concerning  the  differences  of  heat  in  bodies^  the 
capacity  of  bodies  to  abforb  it,  and  the  ele&ive  attract 
tioos  to  which  it  is  fubjedt,  render  the  exiftence  of  beat 
as  a  diftind  body  much  more  probable  than  ever.  It  is 
thought  to  be  often  a  principle  in  compound  feodiet,  and 
the  lighteft  of  all  the  fubftances  in  nature  ;  aud  tbisl^ 
property  is  confide  red  as  the  reafoa  why  we  cannot  dd 
terrains  its  exiftence  by  its  weight.  Heat  is  diftinguiflh 
ed  into  two  kinds*  or  rather  as  exiting  ift  two  differ 
eat  ftates;  in  the  one,  it  is  intimately  combined  wk^ 
other  principles,  and  is  denominated  latent  beat,  os 
the  caloriQ  principle,  becaufe  it  is  not  perceptible  to 
thefenfes;  in  the  oth^r,  it  is  only  diiftifed  without  coflfc 
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binatioo.    This  laft  kind  of  heat  may  be  expelled  bf 
preflhre :  thus,  when  a  bar  of  iron  is  (truck,  the  flroke 
comprefles  its  particles  and  caufes  the  heat  to  iffue  out, 
n  the  fame  manner  as  water  iflues  from  a  wet  fponge 
then  it  is  prefled  together  with  the  hand.    Combined 
heat  cannot  be  feparated  from  the  bodies  of  which  it 
forms  a  part,  but  by  means  of  new  chemical  comb i na- 
tions.   All  folid  bodies  that  contain  any  portion  of 
tbefe  two  kinds  of  beat,  are  capable  of  receiving  more  of 
both.    When  you  add  a  quantity  of  the  fecond  fpecies 
to  any  body,  its  firft  effed  is  to  enlarge  the  pores  that 
fcptrate  its  component  particles,  by  which  means  it  fof- 

0 

tens  a  (olid ;  next,  as  it  gradually  accumulates,  it  pro- 
duces fufion  or  liquefa&ion;  and  as  the  quantity  of 
hett  continues  to  increafe,  elaftic  fluidity  follows :  But 
ntfludl  treat  of  thefe  phenomena  in  the  two  following 
fcffions* 

§  HI.    Of  Rarefaction. 

Rarefaction  is  the  mod  remarkable  of  all  the  ef- 
fc&  which  philosophers  afcribe  to  fire,  and  is  conftant- 
fy  produced  by  heat.  We  have  already  taken  notice 
that  the  chief  eflfeft  of  heat  is  to  diminifh  the  fpecific 
parity  of  bodies,  by  extending  their  bulk,  without 
adding  any  thing  to  their  abfolute  weight.  This  rare* 
frftkra  (hows,  that  fome  new  fubftance  is  introduced 
into  the  cavities  of  the  rarefied  body.  This  fubftance, 
*hich  is  no  other  than  heat,  alts  in  proportion  to  the 
uterftices  which  feparate  the  component  particles  of 
tfe  body.  Bodies  when  rarefied  by  heat  gain  no  addi- 
tional weight,  and  have  their  fpecific  gravity  dimioHltf 
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ed  ;  becaufe  rarefaftiqn  confifts  {imply  in  the  feparat 
of  the  parts  of  the  warm  body,  its  pores  being  enlarg 
fo  that  there  is  more  vacuity  and  lefs  folid  matter  tl 
before  in  a  given  fpace.  This  (eparation  of  parts  is 
feded  by  heat,  which  is  to  us,  in  point  of  weight, 
mere,  non  -entity. 

When  we  confider,  that  the  particles  of  bodies  rai 
fitfd  by  heat,  fuffer  an  internal  motion,  which  tends 
divide  them  from  one  another;  and  that  cold,  on  t 
contrary  comprefles  and  condenfes  tbem ;  we  are  1 
to  confider  heat  as  a  force  oppofed  to  the  mutual  gi 
vitation  of  -thofe  particles,  which  weakens  their  pai 
cular  attraction :  For  it  is  to  be  obferved,  that  th< 
are  three  modifications  of  the  Newtonian  attradi 
which  ought  to  be  carefully  diftinguifhed  from  one  % 
other.  The  firft  ftate  of  attradion  is  that  which  < 
operates  with  a  primary  impulfe  to  retain  the  plan 
in  their  orbits,  preventing  them  from  approaching  t 
fun,  upon  whom  they  would  foon  fall  were  it  not 
the  centrifugal  force  which  they  have  received  fn 
primary  impulfe ;  this  may  be  called  planetary  pttri 
tiori,  to  diftinguifti  it  from  the  other  two.  The  feed 
ftate  or  modification  of  attradion  is  that  which  cau 
bodies  projeded  into  the  atmofphere  of  our  globe 
tend  towards  the  centere  :  this  is  terreflrial gravitqfi 
The  third  modification  of  this  general  force  is  that 
which  the  feveral  parts  of  any  body  tend  to  their  co: 
mon  centre :  fuch  as  a  {tone  or  any  other  confide 
body :  this  force  produces  aggregation,  and  in  its  1 
rious  degrees  is  the  caufe  of  fpecific  gravity  :  It  is  t 
Jaft  fpecies  that  heat  diminifhes  and  tends  to  annihilal 
and  by  acting  in>oppofiuon  to  this  force,  it  produces 
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infinite  variety  of  effedts  in  combination,  decompofition, 
vegetation,  animalization,  &c. 

Buerhaave,  who  has  examined  the  effects  of  fire 
lather  as  a  philofopher  than  a  chemift,  has  eftablifhed 
three  general  laws  concerning  rarefa&ipn,  which  we 
ftall  examine. 

First  Law. 

All  bodies  are  dilated  by  beat. 

Though  it  be  a  general  truth,  that  heat  dilates  and 
nrcfies  almoft  all  natural  bodies,  yet  we  may  make  a 
few  remarks  on  this  phenomenon.  Firft,  all  mineral 
fubftances  without  exception  are  dilated  and  rarefied 
in  the  direct  proportion  of  the  itrength  of.  the  heat  to 
which  they  are  expofed.  This  rarefaction  may  even 
be  carried  fo  far  as  to  deftroy  the  aggregation  of  many 
among  them  ;  but  vegetable  and  animal  fubftances  af- 
ford fome  exceptions  to  this  law.  A  gentle  heat  in- 
deed  dilates  their  fibres,  divides  them,  and  thus  dimi- 
mfhes  their  confiftency  ;  but  a  fudden  ftrong  heat  cau- 
k*  parchment,  membranes,  and  tendons,  to  fhnnkand 
contract  their  bulk  ;  which  feems  to  be  occafioned  by 
^c  irritability,  or  more  properly  the  contractive  force, 
°f  animal  fibres,  on  which  heat  appears  to  aft  as  a  Hi- 
mulus,  till  their  organization  be  deftroyed. 

Second   Law. 

-™  the  dimenfions  of  bodies  rarefied  by  beat%  are  dilated. 

A  bar  of  iron  ignited  becomes  both  longer  and 
"^ker.    Philofopbers  have  contrived  fcveral  vo& 
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which  arc  (till  but  very  imperfectly  known,  it  is  c 
importance  to  know,  i.  That  bodies  always  produc 
cold  when  they  pafs  from  a  folid  to  a  fluid  ft  ate  j  as  fc 
inftance,  falts  when  diflblved  in  water,  evaporatin 
«ther,  &c.  2.  That  fluids  capable  of  affuming  a  coo 
crete  form,  generate  heat  as  they  become  folid :  the 
water,  which  freezes  when  put  into  a  freezing  mixture 
never  affords  fo  high  a  degree  of  cold  as  fpirit  of  win 
put  into  the  fame  mixture.  It  may  be  underftood  frot 
what  has  been  faid,  that  when  a  folid  body  becomes  li 
quid,  it  abforbs  an  additional  quantity  of  heat ;  an< 
when  a  liquid  body  becomes  folid,  part  of  the  hea 
which  it  contained  is  difen gaged. 

§  IV.     Of  tbe  Pblogijlon  of  Stabl 

Be c cher,  (truck  with  that  property  of  certain  bo 
dies  whith  enables  them  to  produce  fire,  that  is  t 
fay,  light  and  heat,  in  confequence  of  continued  mo 
tion,  or  by  coming  into  contact  with  other  bodies  i 
a  (late  of  ignition,  imagined  it  to  depend  on  a  diftinl 
principle,  to  which  he  gave  the  name  of  inflammah 
earth.  Stahl,  whofe  attention  was  ftrongly  en  gag 
ed  by  this  dodrine,  underftood  this  principle  to  b 
pure  fire,  or  the  matter  of  fire  fixed  in  combuftibl 
bodies.  To  this  element,  exifting  in  fuch  a  ftate  < 
combination,  he  gave  the  name  of  pblogijlon,  or  th 
inflammable  principle^  to  diftinguifti  it  from  fire  in 
free  or  adive  ftate.  Its  properties,  when  combine* 
are  totally  different  from  thofe  which  it  difplays  whe 
at  liberty  :  it  then  gives  neither  heat  not  light,  though 
iu  the  latter  ftate,  thefe  are  its  cohftant  attendants 
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Bat,  when  freed  from  confinement,  it  conftantly  regains 
its  charaderiflic  properties,  and  its  prefence  is  indicated 
by  both  beat  and  light.  Such  was  the  fublime  and 
fimplc  idea  of  Stahl  concerning  the  nature  of  combufti- 
hie  bodies.  It  is  indeed  natural  to  think,  that  th*>fe 
fubftances  which,  when  ftrongly  heated  or  forcibly 
ftruck,  become  inflamed,  and  continue  to  burn  till 
they  be  confumed,  owe  this  property  to  their  latent 
fire;  and  that  the  combuftion  of  fuch  bodies  is  nothing 
but  the  difengagement  of  the  fire,  and  its  palling  to  a 
ftate  of  liberty.  According  to  Stahl,  therefore,  all 
combuftible  bodies  contained  fire  in  a  fixed  or  com- 
bined ftate,  on  which  principle  their  inflammability 
depended.  He  alfo  considered  this  principle  as  being 
perfectly  the  fame  in  all  the  fubftances  into  which  it 
entered,  whatever  their  nature,  or  however  different 
they  might  be  from  one  another.  The  combuftibility 
°f  any  body  appeared  to  him  a  fufficient  proof  that  it 
contained  a  quantity  of  phlogifton.     Thus,  in  his  opi- 

m 

Bum,  fulphur,  charcoal,  metals,  oils,  and  phofphorus, 
owed  all  their  properties  to  phlogifton  ;  and  their  dif- 
ferences in  point  of  form,  colour,  confiilency,  gravity, 
*c«  might  depend,  he  thought,  on  the  variety  of  the 
P^aciples  to  which  the  phlogifton  was  united ;  for  the 
PWogifton  itfelf  was  always  the  fame,  and  could  fufFer 
n°  Variation  but  by  being  difmifled  from  a  combined 
,nto  a  free  ftate. 

*n  order  to  diftinguiGi  the  properties  of  phlogifton 

r   fixed  fire,  Stahl  inftituted  a  comparifon   between 

^**ies  into  the  compofition  of  which  it  enters,  and  o- 

^***s  that  feem  deftitute  of  it.     He  obferved  the  for- 

^*  to  poflefs  in  general,  colour,  fniell,  fufibiljty,  vola- 


Id8  Pbtogijlon. 

dies,  as  he  hoped,  from  the  examination  of  their  na- 
ture, to  determine  the  chara&er  of  phlogifton,  that  he 
feems  to  have  forgotten  that  air  is  effentially  neceflary 
to  combuftion.  In  confequence  of  this,  he  has  over- 
looked this  objection  againft  his  theory,  which  was  not 
indeed  urged  againft  him  by  any  contemporary  chemift 
If  combuftion  be  nothing  but  the  difengagement  o 
phlogifton,  it  is  plainly  an  adl  of  decompofition,  i 
which  the  combuftible  body  lofes  one  of  its  principles 
But  how  is  it  poflible  for  a  body,  after  having  loft  on 
of  its  component  principles,  to  poflefs  confiderabl^- 
more  abfolute  weight  than  before?  An  hundred  lib— . 
weight  of  lead  affords  an  hundred  and  ten  of  minium  ^» 
the  weight  of  the  fulphuric  acid  obtained  by  the  com- 
buftion of  fulphur,  is  greater  than  that  of  the  fulphuBT" 
from  which  it  was  obtained  :  and,  in  the  fame  manner^ 
we  learn  from  the  fine  difcovery  of  M.  Lavoifier,  thaK 
eighteen  ounces  of  pure  water  are  obtained  by  burnin 
fixteen  ounces  of  l'pirit  of  wine  *. 

The  ftrength  of  this  objection,  together  with  th 
difficulty  that  is  found  in  every  attempt  to  demonftrat 
the  .exiftence  of  phlogifton,  have  induced  fome  moder 
chemifts  to  deny  that  there  is  fuch  a  fubftance  in  nature, 
But  they  muft  not  be  implicitly  liftened  to ;  even  tha 
numerous  train  of  experiments  which  have  been  of  lat 
made  on  combuftible  bodies  and  combuftion,  have  no 
fully  demonft rated  that  there  is  no  fuch  principle  a 
fixed  fire  in  material  bodies  :  its  exiftence  feems  to  b 
allowed,  while  its  name  is  changed  ;  and  inftead  of  th 
phlogiftic,  it  is  called  the  cahric%  principle.     It  is  di 

vefted 

*  Meeting  of  the  Rnyii  f\c*krc^  Q^  Stvcwsei  on  the  4th  of 
tembcr  17^4.— F. 
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veiled,  however,  of  the  property  of  producing  combuf- 
tion ;  and  though  it  be  acknowledged  to  exift  in  inflam- 
mable bodies,  it  is  not  confidered  as  the  caufe  of  their 
inflammability. 

Since  chemifts  began  to  inquire  how  far  the  pre- 
fence  of  air  is  necefiary  to  combuftion,  they  have  made 
feveral  important  difcoveries ;  the  chief  of  which  is, 
that  a  certain  quantity  of  atmofpheric  air  is  always  ab- 
forbed  by  burning  bodies,  and  that  it  is  the  acquifition 
of  this  air,  which  becomes  fixed  or  combined,   that 
augments  the  abfolute  gravity  of  metals,  fulphur,  phos- 
phorus, inflammable  gas,  and  fpirit  of  wine,  when  ex- 
pofed  to  combuftion.     As  this  increafe  of  gravity  has 
been  like  wife  found  to  correfpond  precifely  with  the 
weight  of  the  air  abforbed,  feveral  chemifts,  at  the  head 

i 

of  whom  may  be  reckoned  Meflrs  Lavoilier  and  Buc- 
quct,  were  led  to  adopt  a  new  theory,  founded  folely 
on  this  abforption  of  air,  in  which  they  entirely  reje&ed 
phlogifton.  This  theory  was  dire&ly  oppolite  to  Stahl's, 
*°d  confided  of  the  four  following  principles : 

i.  Stahl's  phlogifticated  bodies  are,  according  to  this 

"°drinc,  fubftances  which  have  a  ftrong  tendency  to 

Co<nbine  with  air :  for  on  this  tendency  the  combuitibi- 

*  y  of  bodies  entirely  depends. 

3.  All  the    phenomena  which  Stahl  afcribed  to  the 

.  *^Qgagement  of  phlogifton  are  produced  by  combina- 

°ns  with  pure  air :  fuch  are  combuftion,  calcination, 

c*pi ration,  and  the   formation  of  the  fulphuric  and 

^**ofphoric  acids,  by  the  combuftion  of  iulphur  and 

p**ofphorus. 

3*  On  the  other  hand,  according  to  the  pneumatic 
^ory,  all  thofe  phenomena  in.  which  the  doctrine  of 
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Stahl  reprefents  the  phlogiftic  principle  as  entering  ii 
to  new  combinations,  are  produced  by  the  difengagi 
merit  of  air.  Such  are  the  reduction  of  metals,  efiedc 
by  the  mutual  adion  of  metallic  calces  and  Charcot 
the  decompoiition  of  acids  by  combuftible  bodies,  an 
particularly  the  decompoiition  of  the  fulphuric  and  ni 
trous  acids  by  iron,  charcoal,  Sec. 

4.  This  theory  views  all  thofe  bodies  which  Stal 
thought  to  be  compounds,  with  phlogifton  for  one  1 
their  principles,  as  fimple  fubftances,  having  fo  ftron 
an  affinity  with  pure  air,  that  they  attempt  to  enter  k 
to  combination  with  it  whenever  they  are  expofed  1 
its  con  tad.  Com  bullion  is,  therefore,  nothing  but  tb 
combination  of  air  with  the  combuftible  body ;  *nd  * 
operations  in  which  bodies  are  thought  to  regain  the 
phlogifton,  are  merely  the  difengagement  of  pure  at 
or  its  palling  out  of  one  body  into  another. 

This  opinion,  which  was  adopted  by  M.  Bucqui 
in  his  latter  courfes  of  ledlmres,  explains  indeed  moft  c 
the  phenomena  of  combuftion,  calcination,  and  the  rt 
dutihn  of  metallic  calces;  but  it  does  not  entirely  ezplai 
why  flame  is  feen  to  proceed  from  combuftible  bodk 
in  a  ftate  of  ignition ;  nor  does  it  account  for  the  rapi 
motion  produced  in  inflammation;  and  the  other  char 
ges  which  attend  this  phenomenon.  Macquer,  afti 
carefully  examining  how  far  the  modern  difcoverii 
could  affed  the  received  theories,  was  of  opinion  ths 
they  were  infufficient  to  explode  the  theory  of  Stab 
and  has  therefore  combined  the  pneumatic  with  tb 
phlogiftic  doftrine,  by  reprefenting  phlogifton  as  Ugh 
in  a  ftate  of  fixation.  After  (bowing  that  pure  ligh 
fuch  as  that  which  the  fun  diffufes  over  our  globe,  nut 
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be  confidered  as  the  fubftance  of  fire,  and,  by  being  fix. 
cd  in  bodies,  may  a&ually  conftitute  the  phlogifton  of 
Stahl ;  he  next  gives  it  as  his  opinion,  that  in  every  ad 
of  combuftion,  pure  air  difengages  the  light  or  phlogif- 
tonof  combuftible  bodies,  and  pcfl-fTrs  itfcif  of  its  place; 
and  that  the  calcination  of  metals  may  therefore  be  re- 
garded as  the  precipitation  of  air,  and  the  difengage- 
ineot  of  light,     Again,  when  phlogifton  is  re  ft  ore  d  to 
the  calces  of  metals  by  reduction,  light,  in  its  turn,  dif- 
eQgages  or  feparates  the  air  which  was  fixed  in  thofe 
Jubilances,  and  by  that  means  caufes  them  to  re  fume 
the  character  of  metals.    Macquer  alfo  thought;  and  it 
was  neceflary  to  his  theory,  formed  with  a  view  to  re* 
coocile  Stahl's  with  the  modern  do&rine ;  that  phlogif- 
ton may  combine  with  bodies  even  in  clofe  vefiels, 
fince  light  is  well  known  to  penetrate  through  glafs, 
»nd  even  through  metal  and  earthen  vefiels,  when  thefe 
■re  made  red-hot    Scheele  has  propofed  a  different 
theory,  which  has  alfo  been  adopted  by  fome  northern 
chennll$.    He  confidered  fire,  heat,  and  light,  as  com- 
P°tmds  of  vital  air  with  phlogifton ;  and  thought  that 
™Sht  in  palling  through  vefiels,  fuffered  decompofition, 
5"e  phlogifton  in  the  redudtion  of  metallic  calces  or  ox- 
lc*^  being  communicated  to  the  calx,  while  the  vital 
**r    was  difengaged.     But  this  ingenious  theory,  by 
***ich  Scheele  accounted  for  the  effe&s  of  folar  light, 
ncl  of  the  various  modifications  of  heat  on  a  great  ma- 
„  ^   chemical  phenomena,  affords  no  explanation  of  the 
°^reafe  of  the  weight  of  metals,  fulphur,  and  phofpho- 
►  &c.  after  combuftion, 
^t  Lavoifier,  whofe  experiments  have  contributed  fo 
HgMy  to  the  advancement  of  chemiftry,  and  whofe  o- 
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pinion  mud  therefore  have,  confiderable  weight,  ha 
propofed  a  new  theory  that  has  been  adopted  by  mo: 
French  chemifts,  and  appears  to  me  to  afford  an  hap-— 
pier  explanation  c/f  the  phenomena  of  Nature  than  an^p 
other.     He  thinks  that  light,  heat,  and  all  the  oth&- 
remarkable  phenomena  of  combuftion,  depend  rather 
on  a  certain  action  of  the  air  than  on  the  peculiar  na- 
ture of  combuttible  bodies;  that  the  flame  which  the  n 
arifes  is  occaiioned  by  the  difengagement  of  the  light 
which  was  combined  with  the  pure  air,  not  of  that 
which  exifted  in  the  combuflible  body.     Heafcribes  to 
pure  air  that  decompofition  which,  according  to  Stahi 
and  Macquer,  takes  place  on  the  inflammable  fubftance. 
Pure  air  he  confiders  as  a  compound  of  the  fubftance  of 
fire  and  another  principle  which  {hall  be  afterwards  de- 
scribed ;  and  the  fixed  fire,  the  difengagement  of  which 
is  the  principal  alt  on  fuch  occafions,  is,  in  his  opinion,     \ 
Separated  from  the  pure  air,  not  from  the  combuflible 
body.     We  cannot  enter  more  particularly  into  this 
ingenious  iy  (tern  in  this  place.     In  the  hiftory  of  air,  in 
the  following  chapter,  it  will  come  more  properly  under 
our  examination.      At  prefent  we   (hall  content  our*    j 
felves  with  obferving,  that  the  fire  or  heat,  which  M*     J 
Lavoifier  allows  as  a  principle  of  pure  air,  and  the  dif* 
engagement  of  which  he  takes  to  be  the  caufe  of  the 
fparkling  Uame  and  vivid  heat  which  accompany  the 
rapid  combuftion  produced  by  that  air,  a&  nearly  the 
the  fame  part  with  Stahi's  phlogillon,  or  Macquer's  fix- 
ed light ;  and  that  chemifts  feem  to  have  univerfaUy  a- 
greed  concerning  the  exiftence  of  this  principle,  the 
only  difference  among  them  being,  that  one  party  be- 
lieve it  to  exift  in  combuftible  bodies,  and  to  be  the 
3  caufe 
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nfe  of  inflammability ;  while  another  confider  it  as  a 
rinciple  of  air,  and  afcribe  inflammation  to  a  different 
iofc.  In  the  following  chapters,  we  (hail  explain  the 
afons  which  induce  us  to  prefer  the  latter  of  thefe 
Noions.  * 

V.  The  Effefts  of  Heat  on  Bodies  confider ed  Chemically. 

In  the  third  fubdivifion  of  this  chapter,  it  was  fhown 
at  one  of  the  chief  effe&s  of  heat  is  to  rarefy  bodies, 
iocreafe  their  bulk,  and  diminifh  their  fpecific  gravi- 
»  by  feparating  their  particles,  and  enlarging  their 
<ts.  Such  was  the  Ample  phyfical  or  mechanical  i- 
a  which  we  gave  when  fpeaking  of  rarefadion  in  ge- 
nii; but  when  we  attend  more  carefully  to  this  pri- 
uy  aft  of  heat,  we  (hall  find  that  it  produces  feveral 
Iter  important  effects. 

The  firft  and  mod  ftriking  effect  of  heat,  is  its  di- 
nifhing  the  aggregation  of  bodies,  by  feparating  their 
ftlclcs.  As  the  force  of  aggregation,  and  that  of  the 
Ration  of  compofition,  are  always  in  the  inverfe  ra- 
of  one  another,  as  has  been  fhown  in  the  third  chap- 
t  it  will  be  readily  underftood  that  heat,  in  deftroy- 
I  aggregation,  muft  be  Angularly  favourable  to  com- 
ation.  This  has  caufcd  fire  to  be  confidered  as  the 
Qctpal  chemical  agent,  and  has  even  induced  chemifts 
illume  the  title  of  phihfpbers  by  fire.  It  will  after- 
'ds  appear,  however,  that  they  make  much  lefs  ufe 
t  at  prefent  than  they  formerly  did. 
Tie  adion  of  heat,  when  confidered  in  this  point  of 
iy  as  tending  to  deftroy  aggregation,  and  favouring 
bination,  appears  liable  to  four  different  modifica- 
ol.L  H  uot\* 
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tions,  according  to  the  nature  of  the  bodies  on  wf 
exerts  its  energy. 

I.  There  are  fome  bodies  on  which  it  product 
alteration,  nor  any  effeft  but  dilatation.  Subftaro 
this  nature  are  unalterable  and  apyrous.  Thus 
cryftal,  however  long  expofed  to  the  utmoft  violefi 
fire  fufFers  no  alteration :  it  lofe»  neither  its  hai 
nor  tranfparency,  and  appears,  after  this  allay,  wi 
its  former  denfiry  and  beauty.  But  there  are  ver 
fubltances  fo  little  alterable  as  rock-cryftal. 

2dfy,  Heat  entirely  deftroys  the  aggregation  of 
bodies,  caufing  them  to  pafs  from  a  folid  to  a  fluid 
This  phenomenon  is  named  fujion;  the  bodies  on  \ 
it  is  produced,  are  called  jufible.  There  are  varioi 
grees  of  fufibility,  from  that  of  platina,  which 
tremely  difficult  to  melt,  to  that  of  mercury  whk 
mains  always  in  a  fluid  date.  When  this  fuiibi 
carried  to  an  exceffive  degree,  it  becomes  volatiliz. 
A  body  becomes  volatile,  or  dtffufes  itfelf  throug 
atmofphere,  when  it  is  caiifed  to  pafs,  by  a  flrong 
faction,  from  the  liquid  (late  to  that  of  an  elaftic 
It  is  then  diffipated  by  heat,  and  elevated  in  tfa 
mofphere,  where  it  remains  fufpended  till  cold  n 
to  it  part  of  its  denfity  and  fpecific  gravity.  I 
which  may  be  reduced  to  this  ftate  are  named  vol 
thofe  incapable  of  it  are,  by  way  of  oppofition,  < 
fixed.  There  are  many  degrees  between  fixity  and 
tility.  It  even  feems  impoffible  to  fuppofe  any 
abfolutely  fixed.  Perhaps  the  only  reafon  why  an 
pear  fo,  is,  becaufe  we  cannot  apply  to  them  a  d 
of  heat  fufficiently.  intenfe.  We  may  make  the 
remark  on  infufibility j  it  is  never  abfolute.    Tin 
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fon  why  rock  cryftal  appears  infufible,  is,  becaufe  we 
canno:  apply  to  it  the  proper  degree  of  heat.  When  we 
ipeak,  therefore,  of  the  infufibility  or  the  fixity  of  cer- 
tain fubftances,  we  are  to  be  underftood  as  fpeaking  on- 
ly in  reference  to  the  heat  to  which  it  is  in  our  power 
to  fubjed  them. 

This  eflential  volatility  is  to  be  carefully  diftinguifh- 
cd  from  that  which  is  merely  apparent,  and  takes  place 
only  in  confequence  of  the  communication  of  motion 
bjr  a  current  of  flame  or  vapours :  Thus,  for  inftance, 
zink,  in  a  ftate  of  calcination,  is  carried  up  by  the  flame 
that  is  raifed  during  its  combuftion. 

l<Uj,  When  heat  ads  on  bodies  confiding  of  two 
principles,  one  volatile,  the  othec  fixed,  it  generally 
Separates  them  by  volatilizing  the  former.     Such  bo- 
dies are  thus  decompofed,  but  without  fuffering  any  al- 
teration ;  for  by  reuniting  their  principles,  we  can  re- 
produce them  with  all  their  original  properties.     This 
Kparation  of  principles  is  a  true  or  fimple  analyfis. 
^re  applied  to  bodies  confifling  of  two  fubftances,  be- 
twerm  which  there  is  a  wide  difference  in  refped  of  vo- 
Mility9  reduces  the  volatile  principle  to  vapours,  but 
^fc^cs  the  fixed  uninjured.    But  in  order  that  this  true 
tQ^Xyfis  may  take  place,  it  is  requifite  that  both  the 
*°l^tile  and  the  fixed  principle  of  the  compound  be 
Qa^Jterable  by  the  degree  of  heat  applied  to  them ;  or 
^^  %  they  be  expofed  only  to  fuch  a  degree  of  heat  as 
^3r  can  bear  without  loling  any  of  their  properties. 
*^^  volatilized  Jubilance  having  then  undergone  no 
^^ater  alteration  than  the  fixed,  they  may  be  reunited 
to  form  the  fame  compound  which  they  conllitu- 
before  their  reparation.    When  ibis  may  be  effec- 

Ji  2  \& 
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ted,  the  analyfis  is  true  or  fimple.  As  bodies  do  i 
generally  confift  of  two  principles,  one  of  which  is  i 
latile  the  other  fixed,  and  as  it  is  often  extremely  di 
cult,  and  fometimes  even  impoffible,  to  apply  to  co 
pounds  of  this  kind  precifely  that  degree  of  heat  whi 
will  volatilize  the  one  without  alteration,  and  leave  t 
other  uninjured;  it  may  be  naturally  inferred,  tl 
the  number  of  the  bodies  on  which  heat  a£U  in  t 
manner  mud  be  very  inconfiderable.  For  this  reafi 
chemifts  have  now  much  lefs  frequently  recourfe 
the  operation  of  fire  than  formerly.  The  fubftan 
on  which  heat  produces  this  effett  are  decompofi 
without  alteration.  Some  mineral  fubftances,  fuch 
cryftallized  falts  and  folutions  of  neutral  falts,  coi 
under  this  clafs. 

4tbfyt  When  the  body  expofed  to  the  a&ion  of  fi 
confifts  of  feveral  volatile  and  feveral  fixed  principL 
the  volatilized  principles  enter  into  mutual  union ;  tl 
fixed  are  alfo  combined  with  one  another :  and  fuch 
the  refult  of  this  decompofition,  that  though  the  pi 
duds  be  reunited  with  the  refidues,  the  original  coi 
pound  will  not  be  produced.  This  is  therefore  a  fa 
or  complicated  analy  fis.  The  bodieson  which  heat  a 
in  this  manner  are  decompofable  with  alteration. 

Mod  natural  fubftances  belong  to  this  clafs.  Th 
are  too  complex  in  their  compofition,  and  confift 
too  many  principles,  to  be  decompofed  without  fuff 
ing  alteration.  As  the  force  of  the  affinity  of  com] 
fition  ads  upon  all  bodies,  and  is  even  promoted 
heat,  when  any  of  the  principles  of  a  compound  i 
volatilized  by  the  a&ion  of  fire,  they  read  upon  c 
another,  unite,  and  form  a  new  order  of  combinati 

diffcn 
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different  from  that  in  which  they  before  fubfifted  ; 
the  fame  thing  takes  place  on  the  fixed  principles  of  the 
bod  jr.  Thus,  when  a  piece  of  wood,  bark,  or  any  other 
vegetable  fubftance,  is  expofed  to  the  a&ion  of  fire  ; 
the  water,    the  falts,  and  the  oil,  unite  togther,  and 
conftitute  an  acid,  elaftic  fluids,  and  a  brown  oil,  &c. 
which  did  not  cxift  in  the  wood  in  that  form.    The 
a&ion  of  heat,  therefore,  produces  a  total  alteration  on 
fiich  fubftances  :  the  phenomena  which  attend  it  indi- 
cate a  falfe  or  complicated  analyfis,  the  refults  of  which 
m<ght  lead  chemifts  into  miftakes  were  they  not  aware 
of   the  uncertainty  with  which  it  is  attended.     It  is 
certain  that  art  can  never  reproduce  wood  or  bark,  by 
mixing  together  the  phlegm,  oil,  acid,   and  charcoal 
obtained  in  this  analyfis,  and  that  the  principles  which 
it    affords  have  fuffered  great  alterations.     Unluckily 
th^  bodies  fufceptible  of  thefe  alterations  are  the  more 
ouD3erous  clafs.     Under  it  all  animal  and  vegetable, 
and  mod  mineral,  fubftances  are  to  be  ranked.    But 
th^  modern  difcoveries  will  enable  us  to  determine  the 
fc^c  nature  of  the  principles  of  fuch  fubftances,  by  ex- 
ait*  ining  fuch  of  them  as  are  difengaged. 

ilitherto  we  have  fpoken  only  of  the  effedts  of  fuch  a 
*""c*ng  heat  as  is  ufually  employed  in  the  operations  of 
ar^  :  But  a  gentle  and  continued  heat,  fuch  as  that 
u'*^ich  is  exerted  in  the  operations  of  nature,  gives  rife 
*°  ^  number  of  important  phenomena,  which  are  high* 
■y  Worthy  of  the  chemift's  attention.  The  vibration 
^"^i  ofcillation  of  the  particles  of  folid  bodies  which  its 
11X1  J>ulfe  occafions,  and  the  agitation  and  rarefaction  of 
^u^cl8  arifingfrom  the  fame  caufe,  produce  a  continued 
m^^rnal  motion  which  gradually  changes  the  form,  the, 

H  3  d'lKieu&ovi** 
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dimenfions,  and  the  contexture,   of  the  former;  and 
produces  a  fenfible  alteration  on  the  confiftency,  the 
colour,  the  tafte,  and,  in  a  word,  on  the  intimate  na- 
ture, of  the  latter.     Such  is  the  general  idea  which 
we  have  reafon  to  form  concerning  the  exiftence  and 
power  of  all  the  chemical  phenomena  of  natural  bodies; 
concerning  the  fpontaneous  decompofition«and  recom- 
pofition  of  minerals ;    concerning  the  cryftallization, 
the  folution,    the  formation  of  falts,  the  vitrification^, 
the  metallization,   the  vitriolization,  and  the  minerali- 
sation, which  are  carried  on  in  the  bowels  of  the  earth—. 
To  this  powerful  agent  we  muft  likewife  have  recourfev 
when  we  attempt  to  form1  an  idea  of  the  alterations  t 
which  animal  and  vegetable  fubftances  are  liable  ;  o: 
the  motion  of  the  fap  in  plants,  and  the  mild  fermen- 
tation which  conduces  them  to  maturity  ;  of  the  forma- 
tion of  oils,  the  fpiritus  reltor,    mucilages,   and  th0 
colouring  principle ;  or  of  the  compoiition,  the  decom— • 
pofition,  the  reciprocal  changes,  and  the  putrefa&iori 
of  animal  humours.  All  thefe  important  phenomena  de- 
pend, more  or  lefs,  on  chemical  operations ;  and  that 
heat  which  is  diffufed  over  the  globe  is  the  great  prin- 
ciple by  which  they  are  produced.     It  is  at  prefent 
enough  for  us  to  have  taken  a  general  view  of  this 
great  caufe  of  motion,  life,  and  death.     We  have  here 
lketched  the  outlines  of  the  pidure ;  in  what  follows 
we  (hall  endeavour  to  fill  them  up  with  a  nice  and 
faithful  hand. 

As  the  various  effedts  of  heat  depend  all  on  its  power 
of  feparating  the  particles  of  bodies,  let  us  farther  con* 
fider  this  firft  effedl,  and  attempt  to  eftimateits  influence. 

Water  in  the  (late  of  ice  is  foftened  by  a  certain  de- 

3  ^* 
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grce  of  heat,  melted,  and  reduced  to  fluidity  by  a  great- 
er, and  by  a  (till  greater  degree  reduced  to  vapour,  or 
an  elaftic  fluid  :  fo  that  water  in  a  (late  of  vapour  may 
be  faid  to  contain  three  fums  of  heat ; — that  which  con- 
stitutes ice  of  a  certain  denfity  ;  that  which  reduces 
ice  to  the  date  of  a  liquid,  rarefied  to  a  certain  degree ; 
and,  laftly,  that  which  rarefies  the  liquid  to  an  elailic 
fluid. 

When  we  attempt  to  apply  this  theory  to  all  natu- 
ral bodies,  they  appear  to  be  all  capable  of  paffing 
through  thefe  feveral  dates  if  expofed  to  a  fufficient 
heat.  The  only  difference  among  them,  in  point  of 
this  property,  is,  that  fome  may  be  reduced  by  a  lef* 
degree  of  heat  while  others  require  a  greater.  It  is  on- 
1?  for  want  of  fufficient  heat  that  we  cannot  reduce 
fock-cryftal  to  a  liquid  or  a  vaporous  ftate  :  nor  is  it 
**U>re  difficult  to  conceive  the  pofiibility  of  this  event, 
than  to  conceive  an  habitually  elaftic  fluid,  fuch  as  air, 
Acquiring  an  extreme  folidity,  as  happens  to  this  very 
Aibftance  in  various  combinations* 

From  thefe  principles,  it  is  eafy  to  explain  the  for- 
mation of  the  elaftic  fluids  which  are  difengaged  in 
*nany  of  the  operations  of  nature  and  art.  It  uniform- 
ly  happens,  whenever  a  body  receives  and  abforbs  a 
Sufficient  quantity  of  heat  to  caufe  it  to  pafs  into  that 
ftate  of  fluidity  which  constitutes  an  aeriform  fluid  ; 
and  therefore  all  fluids  that  pofiefs  this  property  owe 
it  to  heat.  But  it  is  alfo  requifite,  that  the  preflure  of 
furrounding  bodies,  cfpecially  the  preflure  of  air,  do 
cot  oppofe  this  extreme  dilatation ;  or  that  the  dilata- 
tion be  fo  great  as  to  overcome  the  refiftance  which  it 
neeu  with  in  the  gravity  of  the  air.    Hence  a  body% 

H  4  vftKiYret 
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whether  nearer  to  or  more  diftant  from  thQ  ftate  ca 
elaftic  fluidity,  may  be  eafily  reduced  to  this  ftate  t> 
xelieving  it  of  the  preflure  of  the  atmofphere,  as  elafti 
fluidity  always  takes   place  in  vacuo.    Hence  evapK: 
tion  is  moil  quick  and  copious  on  the  tops  of  loft; 
mountains.     And  hence  too  it  becomes  neceflary  to 
mention  precifely,    in  a  detail  of  experiments,    with 
what  degree  of  preflure  any  body  was  reduced  to  an 
elaftic  fluid,  or  at  lead  what  preflure  it  can  bear  in  that 
ftate :  for  it  is  alfo  to  be  obferved,  that  all  the  bodies 
which  can,  with  more  or  lefs  eafe,  be  reduced  to  the 
ftate  of  vaporous  or  elallic  fluidity,   do  not  maintain 
themfelves  in  that  ftate  with  equal  conftancy ;  Day, 
fuch  are  the  differences  among  them  in   this  refpeck, 
that  they  have  been  divided  into  permanent  and  uo** 
permanent.     The  former  remain  long  in  the  ftate  of 
elaftic  fluidity  ;  nor  do  they  pafs  from  it,  till  by  fomc 
new  combination  they  are  deprived  of  the  fubftantial 
heat  by  which  they  were  maintained  in  that  ftate.  The 
latter,  which  may  be  denominated  vapours,  lofc  their 
elaftic  fluidity  by  degrees  of  preflure  or  cold  which 
may  be  eafily  eftimated,  and  readily  communicate  to 
furrounding  bodies  that  portion  of  heat  which  confti- 
tutes  them  aeriform  fluids.     Of  this  kind  are  water, 
alcohol  or  fpirit  of  wine,  and  ather ;  thefe  three  fluids 
are  reduced  into  vapours,  and  remain  in  that  ftate  whets 
the  barometer  ftands  at  28  inches, — water  at  2120  Fah- 
renheit, fpirit  of  wine  at  1800, 30',  and  aether  at  i04°,&c- 
It  appears  then,  ijl,  That  the  ftate  of  elaftic  fluidity  is 
a  mode  of  the  exiftence  of  bodies  occafioned  by  the 
combination  of  heat  with  their  other  principles:  idly* 
1  hat  every  elaftic  fluid  is  a  compound,  confiding  of  s 
a  baft 
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afeof  more  or  lefs  folidity,  and  the  matter  of  heat :  yily% 
That  the  bafe  of  every  elaftic  fluid  requires  a  certain 
egreeof  heat  to  reduce  it  to  vapour  or  elaftic  fluidity; 
nd  that  it  is  doubtlefs  in  confequence  of  their  poflef- 
Bg  thefe  properties,  that  elaftic  fluids  differ  in  gravity, 
lafticity,  &c. 

M.  Lavoifier  has  explained  this  theory  with  great 
icrfpicuity,  in  a  memoir  printed  among  the  Memoirs 
£the  Academy  of  Sciences  for  1777. 

Although  we  have  diftinguifhed  elaftic  fluids  into 
permanent  and  non-permanent,  yet  it  is  to  be  obferved, 
that  this  diftin&ion  exifts  not  in  nature.  It  is  relative 
to  the  moderate  heat  and  preflure  of  the  atmofphere 
to  which  we  are  expofed  in  the  climates  in  which  we 
live,  and  over  many  parts  of  the  globe ;  and  if  the  cold 
and  preflare  were  more  confiderable,  even  the  fluids 
which  we  at  prefent  confider  as  the  moft  permanent, 
Would  foon  ceafe  to  be  fo ;  and,  on  the  contrary,  aether 
*°d  fpirit  of  wine  would  become  permanent  elaftic 
"uids  at  a  certain  height  in  the  atmofphere,  or  in  the 
term  temperature  of  the  equatorial  climates. 
-*Vs  the  fubftance  of  heat,  which  contributes  to  the 
r*£tation  of  elaftic  fluids,  exifts  in  them  in  a  combin- 

or  latent  ftate,  and  becomes  not  perceptible  to  our 
till  thofe  bodies  lofe  their  fluidity  by  entering 
combination  with  other  fubftances ;  we  have  there- 
fought  for  an  exprelTion  proper  to  denote  heat  in 
ftate,  and  have  adopted  the  word  caloric  for  this 
L**pofe;  becaufe  in  this  ftate  heat  may  be  actually 
tendered  as  having  loft  its  original  character,  which 
*~*covcrs  not  till  it  be  reftored  to  a  ftate  of  liberty. 
^4idest  by  affixing  to  it  this  denomination,  we  avoid 
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the  circumlocutions  of  the  fubftance  or  matter  of  heat, 
or  latent  heat,  which  have  been  hitherto  applied  to  it* 
Cooling,  or  the  paffing  of  heat  into  the  ftate  of  caloric, 
and  ignition,  or  the  palling  of  caloric  into  the  ftate  of 
heat,  depend  both  on  the  general  law  above  laid  down, 
that  when  bodies  become  more  denfe,  part  of  their  heat 
is  exhaled.  I  hus,  whenever  a  gas  or  aeriform  fluid  is 
combined  fo  as  to  become  a  liquid  or  a  folid,  it  lofesa 
great  part  of  its  fuhftantial  heat ;  and  to  make  it  pais 
into  that  ftate  of  denfity,  it  mult  be  expofed  to  the  ac- 
tion of  fome  body,  with  which  its  bafe  has  a  greater  at 
finity  than  with  heat.  This  is  the  general  caufe  of  the  : 
fixation  of  elaftic  fluids;  and  in  this  manner  do  they  i 
lofe  that  form  by  becoming  fixed  in  liquid  or  folid  bo* 
dies.  We  may  likewife  obferve  that  each  of  thefe 
fluids  lofes  more  or  lefs  heat  in  proportion  as  it  becomes 
more  or  lefs  folid  in  the  new  combination,  or  in  pro- 
portion as  this  compound  body  is  capable  of  containing 
lefs  or  more  fpecific  heat.  This .  obfervation  explains 
why  bodies  burn  with  different  degrees  of  rapidity; 
why  they  give  during  combuftion  more  or  lefs  flame  or 
heat ;  and  why  the  refidues  which  they  leave  are  more 
or  lefs  folid,  &c. ;  which  phenomena  fhall  be  more  par* 
ticularly  mentioned  in  the  following  chapter. 

Laftly,  Since  cold  and  preflure  are  the  two  means  by 
which  elaftic  fluids  are  condenfed,  we  may  perhaps  be 
at  length  able,  by  employing  intenfe  degrees  of  botbi 
to  reduce  all  thefe  from  their  gafeous  ftate,  and  to  obtain 
their  bafes  pure  and  feparate,  by  expelling  the  fob* 
ftantial  heat  which  maintains  them  in  fluidity.  Thus 
we  may  come  to  know  the  bafes  of  vital  air,  azote,  fir 
trojene,  or  mephitic  gas,  hydrogenous  gas,  &c.    This 
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as  been  already  performed  on  the  fulphureous  acid  gas, 
rhkh  M.  Monge  has  reduced  to  a  liquid  by  means  of 
n  intenfe  cold. 


\  VI.    Of  Heat  as  a  Chemical  Agent,  and  the  feveral 
Ways  in  which  it  may  be  applied  to  Bodies. 

Chemists  employ  heat,  on  account  of  the  changes 
vhich  it  produces  on  bodies,  both  for  decompofition  and 
combination.  Their  firft  objeft  fhould  be  to  meafure 
Badly  the  degrees  of  heat  neceflary  to  produce  all 
poffible  alterations  on  any  body  expo  fed  to  it.  Thefe 
kgreesof  heat  are  generally  ranked  under  two  clafies  ; 
tic  firft  comprehending  all  degrees  of  heat  below  that 
tf boiling  water;  the  fecond,  all  above  that  tempera- 
toe.  The  fcale  of  the  thermometer  marks  out  the  for- 
mer; our  only  means  of  determining  the  latter  is  the 
Blown  fufibility  of  bodies. 

Degrees  of  Heat  below  the  point  of  boiling  Water. 

The  firft  degree  extends  from  43*  15',  to  540  30% 
Fahrenheit's  fcale.  This  temperature  promotes  putre- 
*dion,  vegetation,  and  gentle  evaporation,  &c.  It  is 
Xitfeldom  employed  in  chemical  operations,  as  being 

°o  inconfiderable ;  in  fome  macerations  made  during 

■  

inter,  however,  it  is  neceflary.  It  is  likewife  ufeful 
°r  the  cryflallization  of  faline  folutions,  which  after  a 
*oper  evaporation  are  put  into  caves,  or  other  places  of 
his  temperature. 

The  fecond  of  thefe  degrees,  extending  from  about 
'5°  45#,  to  770,  continues  to  promote  putrefaction,  ex- 
ttes  a  fpirituous  fermentation  in  faccharine  liquors,*  w^ 
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is  favourable  to  evaporation  and  flow  cryftallizam 
This  is  the  ufual  temperature  of  mild  climates.  It 
employed  for  maceration,  the  folution  of  faline  fubfta 
ces,  and  fermentation,  &c. 

The  third  divifion  or  degree  extends  from  about  81 
15%  to  990  30'.  It  excites  the  acid  or  acetous  fermei 
tation  in  vegetables ;  and  is  fufficient  for  the  exficc 
tion  of  plan  ts.  It  is  ufed  to  effedt  fome  folutions  of  fill 
and  to  produce  fermentation. 

The  fourth  degree,  which  rifes  to  133°  15',  is  calk 
the  mean  degree  of  hot  water :  this  is  the  heat  ufed  i 
the  veflels  called  balnea  marics.  It  deftroys  the  org] 
nization  of  animal  fubilances,  and  volatilizes  the  fut 
tier  part  of  animal  oils,  more  efpecially  of  the  fpiritt 
rettor.  It  is  employed  in  the  diftillation  of  thofe  vcp 
table  and  animal  fubilances,  of  which  we  wifli  to  ot 
tain  the  phlegm  and  the  odoriferous  part. 

The  temperature  of  boiling  water  212°,  is  ufed  in  dc 
codions,  and  the  extraction  of  effential  oils. 

Degrees  of  beat  above  the  boiling  point. 

The  firfl  degree  or  divifion  makes  glafs  red,  bum 
organized  fubilances,  and  melts  fulphur. 

The  fecond  melts  the  fofier  metals,  tin,  lead,  bif 
mutb,  and  fuch  glaffes  as  are  mod  eaiily  reduced  to  f 
(late  of  fufion. 

The  third  effects  the  fufion  of  moderately  hard  metabi 
fuch  aszink,  regulus  of  antimony,  filver,  and  gold. 

The  fourth  burns  porcelain,  and  melts  the  more  ic- 
fraftory  metals,  cobalt,  iron,  and  copper,   **:. 

The  lail  and  moil  intenfe  degree  exifts  in*  the  focus 

of  a  burning-glafs.     This  temperature  calcines!  burns 

anc 
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d  vitrifies  in  an  inftant,  all  bodies  fufceptible  of  com- 
nftion,  calcination,  or  vitrification.  A  fimilar  heat 
lay  be  excited  by  pouring  from  a  blow-pipe  a  dream 
f  vital  air  or  oxigenous  gas  upon  a  piece  of  coal.  M. 
Aonge  is  of  opinion,  that  by  prefenting  to  combuftible 
tidies,  when  in  a  date  of  inflammation  in  a  furnace,  a 
pantity  of  comprefled  atmofpheric  air,  the  fame  eflfeft 
sight  be  ace ora pi ifhed  which  is  produced  by  vital  air. 
Iliis  procefc  may  be  one  day  or  other  applied  to  very 
important  purpofes. 

Though  thefe  degrees  above  the  heat  of  boiling  wa- 
ter be  determined  by  phenomena  which  are  well 
blown  to  chemifts,  yet  they  have  not  hitherto  been 
Beafured  with  all  the  precifion  that  could  be  wifhed. 
It  is  therefore  an  object  of  the  utmoft  importance  to 
obtain  an  inftrument  capable  of  pointing  out  the  exalt 
Agrees  of  heat  employed  in  thefe  operations.  Mr. 
Wedgewood  in  England  has  conftru&ed  a  thermometer 
for  this  purpofe  :  it  confids  of  fmall  pieces  of  clay  half 
*n  inch  in  diameter.  Thefe  pieces,  when  contra&ed 
ty  the  heat,  fall  between  two  graduated  rulers  of  cop- 
per inclining  towards  each  other  upon  a  plate  of  the 
frine  metal;  and  thus  (how  what  contra&ion  they  have 
Offered,  and  of  confequence  to  what  degrees  of  heat 
Ufcy  have  beenexpofed  (Jour,  de  Phyf.  Arm.  1787*.^ 

The  heat  neceflary  in  chemical  operations  is  produ- 
ced by  burning  charcoal,  or  common  mineral  coal.  We 
tie  on  thefe  occafions  furnaces  of  different  forms  and 
tames,  according  to  the  different  purpofes  for  which 

they 

*  Tbere  ii  an  accurate  defcription  of  this  ingenious  contrivance,  by 
e  nrreotor  himfclfj  in  the  Englifh  Philofophical  Traa(kc\\o\tt  foe 
82.— H, 
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they  are  intended ;  fuch  are  the  furnaces  for  digeftiofl 
and  fufion,  the  reverberating  furnace,  the  wind  fur- 
nace, and  the  cupelling  furnace.  A  fingle  furnace,  pro- 
perly made,  is  often  fufficient  for  the  purpofes  of  all 
thefe  ;  and  it  is  then  called  a  Polycbrejl  furnace.    The 
reader  may  confult  on  this  head  the  Chemical  Dic- 
tionary of  Macquer,  who  has  contrived  a  mod  excel- 
lent and  ufeful  furnace;  Baume's  Chemiftry,  Pott's  li 
thogeognoiia,  and  Abb6  Rozier's  Journal  de  Pbjfiqve, 
in  which  there  are  defcriptions  of  various  furnaces  coo- 
flruded  by  different  chemifts.     The  flame  of  oil,  or  fpi- 
rit  of  wine,  is  alio  employed  fometimes  in  lamp-furo* 
ces  adapted  to  the  purpofe. 

The  manner  in  which  fire  is  applied  to  bodies  in 
chemical  procefies,  likewife  deferves  fome  explanation. 
If  the  combuftible  body  be  applied  immediately  to  the 
fubftance  on  which  you  wi(h  the  fire  to  ad,  the  operation 
is  then  faid  to  be  managed  with  naked  fire.     But  fome 
intermediate  body  is  often  put  between  the  fire  and  the 
fubftance  ex  poled  to  its  adion ;  hence  the  names  bal- 
neum maria,  fand-bath,  cinder-bath,  dung- bath,  &c 
The   form  of  the  veflels  made  ufe  of  in  fubje&ing 
bodies  to  the  adion  of  fire,  and  the  various  phenomena 
exhibited  by  bodies  under  the  influence  of  heat,  ha?e 
caufed  a  great  variety  of  operations  to  be  diftinguiflw^ 
by  peculiar  names.     Such  are  roafting,  calcination,  f* 
fion,    redudion,    vitrification,    cupellation,   cementa- 
tion,   ftratification,   detonation,   decrepitation,  fuhni- 
nation,    fublimation,   evaporation,    dillillation,   redtfi- 
cation,    concentration,    digeition,   infufion,  decode 
lixiviation.     All  thel'e  operations  are  performed  by  the 
adion  of  fire,  and  enter  into  the  pradice  of  chtmfltxji 

sod 
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ad  we  (hall  therefore  give  a  fhort  explanation  of  each 
I  them. 

Roafting  is  a  preliminary  operation,  which  prepares 
liberal  fubftances  for  undergoing  a  feries  of  fucceed- 
iog  ones,  dividing  their  coniiituent  particlfes,  volatile 
nng  fome  of  their  principles,  and  producing  a  certain 
ilteratioa  on  their  nature.  Mineral  ores  are  expofed 
to  this  procefs  on  purpofe  to  feparate  the  fulphur  and 
irfcnic  which  they  contain,  and  to  diminifh  the  cohe- 
fion  of  their  particles.  Capfules  of  earth  or  iron,  cru- 
cibles, and  roafting  pots,  are  the  veflels  in  which  it  is 
ttfiially  performed ;  and  it  is  generally  expofed  to  the 
accefs  of  the  external  air.  Sometimes,  however,  the  o- 
peratkra  is  performed  in  clofe  veflels ;  and  two  crucibles, 
luted  mouth  to  mouth,  are  commonly  employed  on  fuch 
tccafions. 

Calcination  is,  as  it  were,  a  more  advanced  ftage  of 
the  procefs  of  roafting.  By  this  procefs  minerals  are  de- 
prived of  their  water  and  falts ;  it  likewife  reduces  cal- 
careous fubftances  to  the  ftate  of  quick-lime,  and  metals 
to  metallic  oxides.  The  fame  veflels  are  ufed  in  thii 
pfocefs  as  in  the  former. 

In  fufion,  a  body  is  caufed  to  pals  by  fire  from  a  fo 
^to  a  fluid  ftate.  The  chief  fubjects  fufceptible  of 
(Us  operation  are  falts,  fulphur,  and  metals.  Crucibles 
*  baked  clay  of  various  kinds  and  figures,  with  metal- 
K  cones  and  ingot  moulds,  are  the  inftruments  for  this 
Oration.  Thefe  laft  are  employed  to  give  the  melted 
^tter  a  certain  form  ;  which  they  mould  into  bars,  in- 
Wa,  or  buttons. 

In    reduction  or  revivification,    the  calces   of  me- 
*b  are,  by  means  of  fire,  with  charcoal  or  oils,  re* 
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ftored  to  the  metallic  ftate  which  they  loft  by  calcina- 
tion. 

Vitrification  is  the  fufion  of  fuch  fubftances  as  air 
capable  of  afluming  the  brightnefs,  tranfparency,  and 
hardnefs  of  glafs.  Verifiable  earths  with  alkalis,  and 
the  oxides  of  metals,  are  the  chief  of  the  fubftances  fub- 
jefted  to  it. 

Cupellation  is  the  purifying  of  perfe&  metals,  by  the 
extraction  of  fuch  imperfedt  metals  as  are  intermixed 
with  them.  This  is  performed  by  the  addition  of  a  cer- 
tain quantity  of  lead  to  the  mixture,  and  the  expofinf 
of  it  to  a  due  heat ;  which  vitrifies  the  lead,  and  toge-' 
ther  with  it, the  imperfied  metals  of  the. original  mix* 
ture,  leaving  the  perfedt  in  a  pure  and  feparate  ftate, 
This  operation  derives  its  name  from  the  veffels  ufedia  ' 
it.  Thefe  are  a  kind  of  flat  crucibles,  refembling  tto 
fmall  cups  known  under  the  name  of  cupels ;  and  the 
fubftance  of  which  they  are  compofed,  being  theearttt , 
of  bones,  is  diffidently  porous  to  abforb  and  retain  the 
lead  that  is  fcorified  by  the  heat 

The  name  of  cement  is  given  to  powdered  fubftances 
with  which  other  fubftances  expofed  to  their  aSion 
are  carefully  covered  over.  Thus,  iron  is  covered  over 
with  powder  of  charcoal,  that  it  may  be  converted  into 
ftcel ;  and  glafs  with  plafter  or  filex,  to  change  it  ifltfr 
a  kind  of  porcelain.  The  procefs  by  which  this  is  ef- 
fected is  cementation,  and  requires  the  a&ion  fometirad 
of  a  very  ftrong  fire. 

Stratification  is  an  operation  nearly  fimilar  to  the 
preceding.  It  confifts  in  arranging  feveral  foHd  fub- 
ftances, ufualJy  in  in  horizontal  layers,  and  intermixed 
with  certain  pulverifcd  bodies,   to  alter  their  nature, 

cither 
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er  in  a  crucible  or  in  fome  other  fuitable  veflcl  ca* 
k  of  bearing  the  a&ion  of  fire.  This  has  received 
name  of  Jl ratification,  becaufe  the  fubftances  are  dif- 
ed  in  ftrata  or  layers,  one  rifing  above  another. 
iper  and  filver  are  treated  in  this  manner  with  ful- 
irv  in  order  to  effed  their  combination.  This  pecu- 
•  arrangement  of  fubftances,  named  gratification,  is 
so  employed  preparatory  tofufion,  calcination,  vitri* 
ition,  &c. 

Detonation  is  peculiar  to  nitre  and  the  mixtures  into 
ich  it  enters.  It  is  the  explofion  of  fuch  bodies  when 
ited  in  open  or  clofe  veiTels.  Decrepitation  differs 
m  detonation  only  as  producing  a  fainter  noife, 
kh  is  merely  a  kind  of  crackling  found ;  it  is  pecu«* 
r  to  certain  falts;  which  from  a  ftate  of  folution  are 
pftallized  fo  rapidly,  that  the  cryftals  formed  burft  in- 
minute  pieces.  This  has  been  obferved  chiefly  of 
nmon  fait,  or  muriate  of  foda.  Fulmination  is  a 
Dore  quick  and  lively  detonation ;  fuch  as  takes  place 
fulminating  gold,  fulminating  powder,  and  in  the 
mbuftion  of  inflammable  gas  and  vital  air,  &c. 
Sublimation  is  the  volatilizing  of  dry,  folid,  and  oft- 
Cryftallized  fubftances  by  means  of  fire.  The  vef- 
t,ufed  in  fublimation  are  glazed  earthen  pots,  earthen 
icibles  with  glafs  heads,  and  pots  of  earth  or  porce-  . 
1,  arranged  one  above  another,  and  joined  by  the  in- 
Lion  of  their  necks  one  into  another,  which  are  known 
the  name  of  aludels,  &c.  Sulphur,  arfenic,  cinnabar, 
ny  mercurial  preparations,  fome  vegetable  fubftan* 
,  more  efpecially  camp  hire  and  flowers  of  benzoin, 
the  fubje&s.  of  fublimation. 
Evaporation  js  the  action  of  heat  on  liquids,  tft  dual* 
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nifh  their  fluidity  and  quantity,  and  to  obtain  the  fixed 
bodies  diflblved  them  in  a  feparate  (late.    Thus,  we  e- 
vaporate  the  water  of  the  fea  and  of  fait  fprings,  in  or- 
der to  obtain  the  fait  which  they  contain.   This  opera- 
tion is  performed  in  capfules,  jars,  earthen  or  glafi  era- 
poratories,  and  filver  pans,  according  to  the  nature  of 
the  liquid  to  be  evaporated.  The  evaporating  fubftaoce 
is  expofed  to  the  con  tad  of  the  air,  in  order  that  the  wa- 
ter, the  body  to  be  carried  off  by  volatilization,  maydif- 
fufe  itfelf  through  the  atmofphere,  and  that  the  air  by 
its  folvent  power  may  promote  the  evaporation. 

Diftillation  is  an  operation  nearly  fimilaf,  but  per- 
formed in  clofe  vefiels.  It  is  ufed  to  feparate  volatile 
from  fixed  principles  by  means  of  fire.  The  diftillatory 
vefiels  are  alembics  and  retorts.  The  firft  confiftoft 
lower  vefiel  named  a  cucurbite,  intended  to  contain  the 
body  to  be  diftilled,  and  an  upper  part  or  capital  end- 
ly  fitted  to  it ;  the  purpofe  of  which  is  to  receive  the 
volatilized  fubftance,  and  condenfe  it  by  the  eoldoeff 
of  its  temperature  (which  is  maintained  by  the  contaft 
of  the  external  air,  or  of  water  furrounding  it);  when 
water  is  ufed,  the  vefiel  containing  it,  into  which  the 
upper  part  of  the  alembic  is  immerfed,  is  called  a  cooler, 
or  refrigeratory.  From  the  lower  part  of  the  qapital 
there  proceeds  a  kind  of  beak  or  fpout,  through  which 
the  vapours  pafs  into  a  pipe,  where  they  are  condenfed 
into  a  liquid :  from  this  pipe  the  liquid  thus  obtained  if 
conveyed  into  other  vefiels,  which  are  commonly  of  » 
fpheric  form,  and  are  named  receivers.  Tbefe  reccir- 
ers  are  of  various  forms  and  names,  matrafles,  balloons 
&c.  A  retort  is  a  kind  of  glafs,  done,  or  metal  bottle, 
of  a  conical  form,  with  its  extremity  bent)  fa  as  to  osk* 
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a  acute  angle  with  its  body;  and  on  this  account  hat 
t  received  the  name  retort.     Diftillation  has  been  ta- 
lker improperly  diftinguiftied  into  three  kinds,  namely, 
diftillation  afcending,/><?r  afcenfum  ;  diftillation  defcend- 
ing,  per  defcenfum;  and  lateral  diftillation,  per  I  at  us. 
This  diftillation  is  warranted  only  by  the  exterior  form 
of  the  veflels  made  ufe  of.    The  volatilized  matter  has 
always  a  tendency  to  afcenfion :  But  diftillation  per- 
famed  in  glafs  or  metal  alembics  has  received  the  pe« 
cafiar  denomination  of  aft  ending,  becaufe  the  capital  is 
placed  over  the  cucurbite,  and  the  vapours  are  feen  to 
tfcend.    The  diftillation  performed  in  retorts  is  called 
hterali  becaufe  the  beak  or  neck  of  that  veflei  comes 
wtat  the  fide  of  the  apparatus;  but  the  cavity  of  the 
tttort  in  which  the  vapours  are  condenfed  is  higher  than 
its  neck,  and  the  diftilled  fubftance  pafles  through  that 
cavity,  before  reaching  the  neck.  As  to  diftillation  def+ 
***iing,  it  was  an  operation  which  fcarce  ferved  any  pur- 
pofe,and  is  now  no  longer  ufed;  its  prod  lifts  were  always 
ma  fery  bad  ftate,  and  great  part  of  them  was  loft  in  the 
procefs.  It  was  performed  by  fpreading  a  piece  of  cloth 
over  the  mouth  of  a  glafs,  placing  upon  it  fome  vegetable 
frbftance,  and  covering  this  with  the  fcale  of  a  balance, 
<*  with  a  capfule  of  metal  containing  fome  live  coals. 
His  mode  of  diftillation  was  formerly  ufed  in  pharma- 
cy and  perfumery,  for  obtaining  the  effential  oils  of 
feme  odoriferous    fubftances.      The  produd  paffiog 
trough  the  cloth  dropped  into  the  glafs,  which  wafe  al« 
**ys  half  full  of  water,  to  cool  the  oil ;  but  moft  part 
°f  the  eflencfc  was  always  loft  on  the  cloth  and  the  me- 
tal  plate  above.    A  more  ufeful.diftindioo  is  that  which 
tgirfa  the  manner  in  which  the  fubftances  to  -be  dtfWU 
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led  are  warmed.  This  is  performed  either  with 
balneum  maria,  by  dipping  the  cucurbite  in  boiling 
ter,  or  with  the  vapour,  the  fand,  or  the  cinder-bat 
with  naked  fire*  It  is  arlfo  effe&ed  by  means  ol 
flame  of  a  lamp,  and  by  that  of  fpirit  of  wine. 

Rectification  is  a  fecond  procefs  of  diftillation, 
objedt  of  which  is  to  purify  a  liquid  fubftance. 
heat  is  employed  to  carry  off  the  pureft  and  moft 
tile  part,  leaving  the  more  fixed  matter,  which  del 
it,  in  a  feparate  ftate ;  as  is  done,  for  inftance,  witl 
rit  of  wine,  aether,  &c. 

Concentration  is  the  dired  contrary  of  rectified 
its  objeft  being  to  volatilize  part  of  the  water,  and 
improve  the  ftrength  of  the  fluids  concentrated, 
matter  to  be  concentrated  therefore  mult  be  of  fuj 
gravity  to  water.  This  operation  is  performed  on 
acids,  particularly  on  the  fulphuric  and  the  pho 
ric ;  it  is  alfo  employed  in  folutions  of  alkalis  and 
tral  falts. 

Digeftion  is  the  expofing  of  fubftances  which  we 
to  ad  gently  on  one  another  to  a  gentle  and  long 
tinued  heat.  It  is  chiefly  ufed  to  extract  thofe  pa 
vegetable  fubftances  which  are  foluble  in  fpirit  of 
or  other  fluids.  Chemifts  formerly  put  great  confic 
in  this  operation.  Though  that  confidence  feems  to 
been  juftly  due,  as  it  appears  from  many  painful  n 
ches,  that  too  a&ive  or  too  rapid  a  fire  alters  them 
of  moft  vegetable  and  animal  fubftances;  yet  mo 
chemifts  do  not  depend  on  this  procefs  with  the  J 
enthufiafm  as  the  alchemjfts  of  old.  The  patient  ifl 
try  of  thefe  men  was  often  employed  for  a  &A 
years  on  one  procefs  of  digeftion ;  for  by  fuch  proc* 
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they  expeded  to  perform  wonders.  Digeftion  is  now 
confined  to  dyeing  fluffs,  elixirs,  and  liquors  for  the  ta- 
ble; it  is  always  fuccefsfully  employed  to  extract  the 
principles  of  vegetables  and  animal  matters,  without  al- 
tering them.  It  is  likewife  ufeful  in  feveral  operations 
in  minerals. 

Infufion  is  a  well-known  procefs  :  it  confifts  in  pour- 
ing warm  or  boiling  water  on  fubftances  of  which  we 
Willi  to  ex  trad  the  moft  foluble  parts,  and  of  which  the  con- 
texture is  fo  flight  as  to  be  cafily  penetrable,  fuch  as  thin 
1  bark,  wood  in  (mail  thin  pieces,  leaves,  flowers,  &c. 
It  it  of  great  ufe  for  fepa rating  fubftances  that  are  eafily 
Noble,  and  is  often  employed  in  chemical  operations. 
Decodion,  or  the  continued  ebullition  of  water  with 
[  fcbftances  on  which  it  ads,  is  ufed  to  feparate  thofe 
■    parts  of  bodies  which  are  not  foluble  by  a  more  mode- 
'   rate  degree  of  heat.    It  produces  confiderable  altera- 
tions on  vegetable  and  animal  matters ;  often  effeding 
an  entire  change  of  their  properties.     It  coagulates  the 
•   lymph,  melts  greafe  and  rofin,  and  hardens  the  fibrous 
puts  of  a  vegetable  or  animal.     When  the  chemift  is 
toll  acquainted  with  its  effe&s,  he  may  employ  it  with 
confiderable  advantage. 

In  the  procefs  of  lixiviation,  we  diflblve,  by  means  of 
*ttm  water,  the  faline  and  foluble  particles  of  cinders, 
therefidues  of  dift illation  and  combuftion,  coals,  and 
inch  natural  earths  as  we  wifh  to  analife.  This  ope- 
.  ttt*on  very  naturally  derives  its  name  from  the  lixhial 
"k*  which  are  obtained  by  means  of  it.  The  word  lef- 
^  is  at  prefent  ufed  in  France  as  fynonymous  with  lix* 
"^»,  and  is  even  more  frequently  ufei  This  o- 
Jttatkm,  then,  is  merely  a  fblution  dfcdcd  by  mean*  o€ 
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hpat :  it  is  like  wife  nearly  fimilar  to  infufioq  ;  th 
difference  is,  that  the  latter  is  applied  to  vegetal 
animal  matters ;  while  lixiviation  is  only  em  pic 
obtain  fubftances  poffeffing  fome  of  the  propel 
minerals. 

Thefe  are  all  the  operations  in  chemiftry  ia 

fire  is  called  in  to  aft  a  part.     Formerly,  iode 

chemical  operation  was  performed  without  the 

this  agent :  and  the  fcience  was  on  that  account 

Fyrotecbny.    But  as  methods  of  analifing  bodic 

been  fince  difcovered  which  are  much  lefs  liabl 

tor  and  more  certain  in  their  refults ;  the  ag< 

fire  is  now  much  lefs  ufed  in  chemiftry  than  : 

\y.     The  a&ion  of  folvents,  or  menftrua,  en 

in  a  cold  ftate,  or  in  the  ordinary  temperature 

atmofphere,  is  often  fufficient  to  accomplilh  t] 

furprifing    changes  on    natural  bodies,    and 

ground  for  the  mod  accurate  inductions.     This 

has  been  applied  to  the  examination  of  falts, 

and  vegetable  matters,  &c.  with  the  hap  pie  ft 

Heat  is  no  more  than  a  fecondary  mean,  a  kind 

iliary  that  affords  fome  affiftance  on  r'uch  oc 

As  different  degrees  of  heat  are  requifite  in  c 

operations,  it   would   be    a   happy    circumft; 

fome  means  were  contrived,  by  which  we  migfc 

abled  to  apply  always  the  fame  precife  degrees 

when  the  fame    effedls  were  wanted.     Cheoa 

philofophers  have  long   wiihed  for  a  furnace 

might  afford  regular  and   uniform  degrees  o 

Jiith^rto,  however,  the  manipulations  of  arti 

given  the  only  means  that  can  in  any  degree  fc 

JMirj>pfe.  But  perhaps  it  is  not  impoffible  to  obt 
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prccifion  which  we  defire,  and  of  which  the  utility  is 
fo  obvious.  Dr  Black  is  faid  to  have  invented  a  kind 
of  furnace,  by  which  he  can  command  a  regular  and 
uniform  heat  by  means  of  a  damping-plate  with  holes, 
which  may  be  opened  or  fhut  at  pleafure.  We  have 
not  received  a  fufficiently  accurate  defcription  of  it,  to 
enable  us  to  conftruft  any  on  the  fame  model.  But  we 
hope  that  a  difcovery  fo  beneficial  to  chemiftry  will  not 
belong  unknown  in  France  *. 


L- 


*  For  meafuring  Heat  with  the  accuracy  which  is  requisite  for  the 
P«rpofes  of  fcicncc,  the  following  means  and  inflruments  have  been  em- 

*•  Graduated  glafs  tubes,  filled  with  different  fubftances  which  are 
Pliable  by  heat,  and  named  Thermometers.  Of  thefe,  the  The i- 
*°*f  iters  filled  with  mercury,  have  now  almoft  fuperfeded  theufe  of 
"ermometcrs  filled  with  fluids.  The  Thermometers  the  mod  com- 
•°nly  in  ufe,  are  thofe  of  Fahrenheit,  Reaumur,  and  Cclfius.  The  ther- 
of  Fahrenheit  is  that  generally  ufed  ki  Britain.  Reaumur  s  tber- 
ia  commonly  employed  by  the  French  philofophers.  A  de- 
n*1^  of  Fahrenheit's  thermometer  is  equal  only  to  £  of  a  degree  of  Reau- 
mMm^T4;  and  to  f  of  a  degree  of  Celfius9  thermometer.  To  reduce  the  de- 
P*^si  of  Reamur9  to  the  degrees  of  Fahrenheit  f  multiply  by  9,  and  di- 
"**«  by  4.  To  reduce  the  degrees  of  Cejfius  to  thofe  of  Fahrenheit* 
ttl*ltJp1y  alfo  by  9,  but  divide  by  5. 
^  m  T^he  well  known  pyrometer  of  Mufchenbroek. 
3«  Mr.  Leidenfroft  having  pbferved,  that  the  hotter  a  metal  is,  fo 
the  more  (lowly  will  drops  of  water  evaporate  from  its  furface  ; 
this  principle  to  the  meafurement  of  the  higher  degrees  of 

•  On  iron  heated  to  the  degree  of  boiliog  water,  a  drop  of  water 
^orates  in  onefeeond:    On  melted  lead,  in  6  or  jfieonds :     On  red* 

iron  in  $ofeeonds.    At  520*  Fahrenheit,  the  hot  body  evaporates 

of  water  in  89  feconds. 

The  pureft  clay  fhrinka  in  the  fire,  in  proportion  to  the  heat  ap« 

to  it*  And  upon  this  principle,  the  ingenious  Mr  JVedgewood  con* 

^**Aed  oneof  thebeft pyrometers  with  which  we  are  acquainted.  Itconfifts 

^  gradoated  gauge ;  the  rule  of  which  is  divided  into  240  equal  parts, 

^^l  being  ^  of  an  inch  ; — and  of  other  pieces  of  the  fame  clay,  bakes 

^  red  heat,  and  of  given  diceo/bus,  whist  WC  vppUt&  V>  \JfctV«fc 
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to  be  meafured,  and  are  then  again  applied  to  the  graduated  ga 
which  (hows  how  much  they  have  fhruuk,  and  by  confequence  afl 
a  meafurc  of  the  heat  to  which  they  have  been  expo  fed. 

5.  The  inftrument  of  Mejprt.  Lavoifer  and  De  la  Place,  for  me 
Jng  heat  by  the  melting  of  ice,  is  perhaps  more  accurate  than  an 
ther  pyrometer.  It  confifts  of  three  circular  vefTels,  nearly  infci 
in  each  other  ;  and  affording  three  feparate  capacities,  or  recei 
fpaces.  The  interior  cavity,  formed  by  an  iron  grating,  upon  fop 
of  the  fame  metal,  and  clofed  on  the  upper  part  by  a  cover,  is  dc 
ed  for  the  reception  of  the  body  Subjected  to  experiment.  The  1 
cavity  contains  the  ice,  the  melting  of  which  is  to  meafure  the  b© 
▼en  out  by  the  body  under  experiment.  The  exterior  cavity  coj 
see  intended  to  preclude  any  heat  out  of  the  atmofphere,  from  p 
into  the  middle  ice,  which  is  to  be  melted  by  the  heat  of  the  intern 
dy  alone*  The  water  produced  by  the  melting  of  the  middle  ; 
weighed  ;  and  its  weight  affords  a  meafure  of  the  heat  given  out 

For  the  description  of  Dr.  Black's  furnace,  fee  the  Edinburgh 
Difpenfatorjt  4th  edition,  pages  48,  49,  50,  51,  with  fig.  7,  I 
$  Plate  I.— H. 
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Of  Atmofpberic  Air. 

pOMMON  air  is  an  invifible,  inodorous,  in  lipid 
fluid  poflefled  of  gravity  and  elafticity,  extreme- 
lj  fufceptible  of  motion,  and  capable  alfo  of  rare  fad  ion 
*ad  condenfation,  which  encompafles  our  globe  to  a 
certain  height,  and  compofes  the  atmofphere.   It  like- 
^ife  infinuates  itfelf  into,  and  occupies,  the  interftices 
°*  pores  between  the  integrant  parts  of  bodies.    The  at* 
^tofphere  which  encircles  our  globe  is  far  from  being 
Pure  air.     As  it  receives  all  the  vapours  that  arife  from 
the  furface  of  the  earth,  it  may  be  confidered  as  ^  kind 
°f  chaos,  or  heterogeneous  mixture.     We  (hall  foon  • 
*^e,     however,   that   its    nature  is   at   prefent  pretty 
WeU  known.     Water,  mineral  exhalations,  and  elaftic 
"u*cls  difengaged  from  minerals  and  metals,  are  incef- 
w&tly  carried  up  into  the  atmofphere,  and  may  be  faid 
*°  conftitute  its  elements.     The  objeds  of  attention  in 
a  Natural  biftory  of  the  atmofphere  are,  its  height,  the 
Precife  degree  of  which  is  not  yet  accurately  determin- 
ed ;  the  variations  to  which  it  is  liable  ;  its  gravity  ;  its 
different  ft  rata;  the  effeds  of  its  rarefadion  and  dilata- 
tion ;  winds,  and  meteors.    But  thefe  come  under  that 
part  of  phyfics  which  is  known  by  the  name  of  meteor^ 
*bgy%  and  form  no  part  of  the  province  in  which  we  are 
engaged.    Yet  as  ai(  has  a  powerful  influence  on  che- 
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mical  phenomena,  and  it  is  of  confiderable  importance 
to  know  the  nature  and  extent  of  that  influence,  we 
fhall  here  examine  both  the  phyfical  and  the  chemical 
properties  of  air. 

§  I.     Of  the  Phyfical  Properties  of  Common  Air. 

Fluidity,  invifibility,  infipidity,  gravity,  elafticitjr, 
and  negation  of  fmell,  may  be  confidered  as  the  phyfi- 
cal  properties  of  air.  Each  of  thefe  merits  a  particular 
examination. 

Such  is  the  rarity  of  this  fluid,  that  it  readily  yields 
to  the  flighted  impulfe,  changing  its  fituation  on  the 
fmalleft  motion  of  bodies  immerfed  in  it.     This  kind  o€ 
fluidity  depends  on  the  degree  of  its  aggregative  force  5 
and  as  it  is  not  confined  to  atmofpheric  air,  but  is  found 
to  charade  rife  feveral  other  fluids,    thefe  are  called- 
aeriform  fluids,  or  gafes.     What  conftitutes  the  pecu— * 
liar  nature  of  aerial  aggregation,  is,  incapacity  to  pa£* 
into  a  folid  Hate  ;  contrary  to  what  mod  liquid  bodied 
are  fufceptible  of.     But  this,  however,  no  more  is 
be  underftood,  than  that  hitherto  we  have  not  been  i 
ble  to  apply  to  it  any  degree  of  preflure  or  cold  fuffici 
ent  to  accomplifh  this  effeft.     This  is  the  diftinguifliin 
chara&eriftic  of  permanent  gafes.     The  fluidity  of  th^ 
air  expofes  it  to  thofe  frequent  and  rapid  motions  whicb 
conftitute  the  winds.     It  is  not,  however,  capable  of  pe- 
netrating into  all  bodies.  Tranfparent  matters,  through 
which  light  readily  makes  its  way,  are  fecure  againft 
the  impulfe  of  air.     Water,  folutions  of  faltSj  oils,  and 
fpirit  of  wine,  pafs  through  many  bodies  whofe  coo- 
texture  is  fuch  as  not  to  admit  air.    Thofe  liquid  fub- 

fo&ces 
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\  are  endowed  with  the  property  of  dilating  fuch 
,  enlarging  their  pores,  and  diminifliing  the 
t(s  of  their  contexture;    of  which  air  is  def- 

,  when  confined  in  veflels,  is  abfolutely  invifible, 
be  diftinguifhed  from  the  glafs  that  contains  it : 
when  entirely  filled  with  this  fubftance,  phials 
t  to  the  eye  a  Teeming  vacuum.  It  owes  this 
ty  of  invifibility  to  its  tenuity  and  the  ready  paf- 
hich  it  affords  to  the  rays  of  light :  thefc  are  re- 
I, without  being  reflected  by  it.  And  it  is  therefore 
ite  of  colour  ;  though  fome  natural  philofopheri 
perfuaded  themfelves  that  they  difcovered  large 
ns  of  it  to  be  blue. 

uralifts  have  uniformly  confidered  air  as  an  infi- 
dy.  Yet,  in  attending  to  what  happens,  when 
rves  of  animals  are  expofed  to  the  con  tad  of  this 
as  in  the  inftance  of  wounds,  and  on  other  fimi- 
rafions,  we  cannot  but  obferve  that  k  has  a  kind 
igency;  of  which  we  are  not  generally  fenfible, 
recaufe  we  are  fo  conftantly  accuilomed  to  it. 
ds,  when  uncovered  and  expofed  to  the  air,  are 
d  with  an  acute  pain.  A  new-born  infant  ex- 
i  by  its  cries  the  difagrecable  fenfations  which  it 
rom  the  firft  contatt  of  the  external  air.  This 
ncy  of  the  air  is  to  be  confidered  as  the  reafon 
rounds  that  are  expofed  to  it,  uncovered,  remain 
ig  open.  Atmofpheric  air,  in  the  fame  manner, 
es  the  growth  of  new  bark  on  fuch  vegetables  as 
>een  dripped  of  their  covering.  In  order  that 
nay  regain  their  bark,  they  mud  be  covered  o- 
th  fome  body  which  may  exclude  the  air. 
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Air  is  perfectly  inodorous.  If  the  atmofphere  fom^ 
times  affed  our  organs  with  a  kind  of  fetid  fmel] 
this  is  to  be  attributed  to  the  extraneous  bodies  thai 
are  mixed  with  it ;  as  may  be  obferved  in  mills  and 
vapours. 

The  gravity  of  air  is  one  of  the  finefl  difcoveries  of 
natural    philofophy  :    the  fadt   was    never    certainly 
known  till  about  the  middle  of  the  lad  century ;  thougla 
Ariftotle  indeed  is  faid  to  have  known  that  a  bladde* 
was  heavier  when  filled  with  air  than  when  empty  - 
The  ancients  had  no  diftinlt  idea  of  the  gravity  of  air* 
but  afcribed  to  a  certain  occult  quality,  which  the^ 
called  abhorrence  of  a  vacuum,  all  thofe  phenomen  sa 
which  depend  on  the  weight  of  this  body.     Certain 
workmen  finding  it  impoffible  to  raife  water  by  a  pump 
above  the  height  of  two  and  thirty  feet,  were  induced 
to  confult  the  famous  Galilseo  on  the  occafion.    He 
was  amazed  at  the  phenomena.     Death  prevented  him 
from  difcovering  the  reafon   of  it ;  but  this  was  after- 
wards  difcovered  by  his  difciple  Torricelli  in  the  follow^ 
ing  manner.     He  reflected,  that  water  could  not  rile 
in  a  fucking  pump,  without  being  impelled  by  fome  ex-    \ 
terior  caufe,  the  preflure  of  which  forced  it  to  follow 
the  motion  of  the  pifton.     The  influence  of  that  caufe 
mull  be  limited,  fince  it  never  raifed  tha  water  above 
the  height  of  two  and  thirty  feet.     Therefore,  if  it 
were  to  adt  upon  a  body  of  greater  fpecific  gravity 
than  water,  it  would  raife  that  body  only  to  a  height 
proportioned  to  its  gravity.     He  next  took  a  glafskube 
iix  and  thirty  inches  in  length,  and  hermetically  felled 
at  one  end  :    this  he  filled  with  mercury,  holding  the 
dole  end  down,  and  (lopping  the  upper  end  with  his 

finger* 
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finger,  after  he  had  poured  in  the  mercury :  then,  turn- 
ing the  clofe  end  up,  he  immerfed  the  other  into  a  vef- 
fcX   full  of  mercury  ;  ^nd  upon  removing  his  finger, 
found  that  part  of  the  mercury  in  the  tube  had  fallen 
down  into  the  veffel,  but  that  a  conliderable  quantity 
ft  ill  remained;  which  after  various  ofcillatory  motions, 
*E  length  fettled  at  28  inches.    By  comparing  this  with 
^c  height  of  32  feet,  to  which  water  rofe  in  the  pumps, 
&c   perceived  that  the  difference  of  the  elevations  to 
*~tiich  thefe  two  fluids  rofe  was  in  exact  proportion  to 
tfc*^  difference  between  their  fpecific  gravities;  for  the 
P*r*>portion  of  the  fpecific  weight  of  mercury  to  that  of 
iter  is  as  14  to  1,  and  the  water  rofe  14  times  as  high 
the  mercury.     It  was  not,  however,  till  after  long 
r^fledion,  that  be  began  to  conjecture  the  weight  of  the 
*ir  to  be  the  caufe  why  fluids  were  thus  fufpended  in  a 
pump.    Nor  was  the  exiftence  of  this  weight  certainly 
determined,  till  after  the  ingenious  experiment  which 
Pafchal  dire&ed  to  be  made  in  France. 

This  celebrated  philofopher  imagined,  that  if  it  were 
adually  the  weight  of  the  air  which  caufed  water  to 
rife  to  the  height  of  32  feet  in  a  pump,  and  mercury 
to  the  height  of  28  inches  in  Torricelli's  tube,  tfiefe 
fluids  would  rife  to  different  elevations  on  tbe  fuminit  of 
a  mountain  and  in  a  vale  ;  as  in  the  former  cafe  the 
weight  of  the  atmofphere  mud  be  diminifhed.  In  con- 
sequence of  this  fuggeftion  of  Pafchal's,  Perrier  made 
the  famous  experiment  which  finally  determined  the 
opinions  of  philofophers  concerning  this  phenomenon, 
on  the  19th  September  1 648,  at  the  foot  and  on  the 
fummit  of  the  mountain  Fuits  de  Dome,  in  Auvergne. 
The  bgrometer,  or  Torricellian  tube,  being  filled  with 
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mercury,  and  fixed  to  a  fcale  of  34  inches,  divided  into 
inches  and  lines,  the  mercury  rofe  about  four  inches 
higher  at  the  foot  of  the  mountain  than  on  its  fummit, 
which  is  500  toifes  higher.  From  this  it  was  determi- 
ned that  the  mercury  varied  about  an  inch  for  every 
hundred  fathoms:  and  the  barometer  has  (ince  that  time 
been  very  fuccefsfully  applied  to  the  meafurement  ol 
the  height  of  mountains. 

The  weight  of  the  air  has  an  influence  on  many 
phyfical  and  chemical  phenomena.  It  comprefles  til 
bodies,  and  redds  their  dilatation ;  it  oppofes  the  eva« 
poration  and  volatilization  of  fluids :  and  to  it  the  wa- 
ters of  the  fea  owe  their  liquidity ;  for  they  would 
otherwife  be  reduced  to  vapour,  as  may  be  obferved  of 
fluids  placed  in  the  vacuum  produced  by  the  air-pump. 
Air,  by  its  gravitation  on  our  bodies,  retains  both  thfc 
folids  and  fluids  in  their  proper  places:  and  the  blood. 
often  burfts  through  the  fkin,  or  from  the  lungs,  on 
the  tops  of  mountains,  occafioning  hemorrhagies  j  be— 
caufe  the  gravity  and  preflure  of  the  air  are  there  con— 
fiderably  diminifhed. 

Laftly,  air  poffefles  great  elafticity.  However  ftrong— 
ly  compreffed,  it  inftantly  returns  to  its  former  raritjr 
aflbon  as  the  compreffing  caufe  ceafes  to  a&  upon  it- 
The  truth  of  this  aflertion  is  proved  by  a  great  manjr 
experiments.  We  fhall  here  mention  only  the  mofc 
obvious  and  moft  conclufive  of  thofe  phyfical  fafts  bf 
which  it  is  evinced.  Take  a  tube  of  glafs,-  bent  into  m* 
form  fomewbat  like  the  letter  U,  and  clofe  at  one  end  $ 
fill  it  nearly  up  with  air,  and  then  pour  in  &  quantity 
of  mercury  to  prevent  the  air  from  efcaping:  you  majT 
thus  comprefs  the  air  fo  as  to  know  whaV  degree  o£ 
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oompreffion  this  elaftic  fluid  is  fufceptible  of,  by  com- 
paring  the  diminution  of  its  bulk  with  the  height  of  the 
column  of  mercury  employed  to  comprefs  it.     A  foot- 
ball, which  being  filled  with  air  rebounds  from  any 
hard  body,  affords  another  proof  of  the  elafticity  of  this 
fubftaoce.    The  fountain  by  comprefled  air,  gives  an 
inftance  of  the  fame  fad :  Air  being  comprefled  into 
the  fuperior  part  of  this  veflel,  is  foon  dilated  by  the 
heat  of  the  atmofphere,  fo  as  to  force  the  water  out  by 
a  tube  to  a  confiderable  height.     Laftly,  the  wind-gun, 
the  effeds  of  which  are  generally  known,  is  another 
inftrament  for  fhowing  the  elafticity  of  air,  and  the 
compreffion  of  which  it  is  fufceptible.    It  is  computed, 
that  air  may  be  comprefled  into  T*Tth  of  its  ordinary 
bulk. 

Heat,  which  rarefies  it  by  counteracting  any  com- 

preffive  force  to  which  it  is  expofed,  fhows  that  it  is  no 

fefs  capable  of  enlarging  its  bulk  by  dilatation.     If  a 

Madder  full  of  air  be  expofed  to  the  heat  of  a  furnace, 

the  air  will  be  dilated  fo  as  to  burft  the  bladder  with  a 

violent  explofion.    This  is  likewife  often  the  caufe  of 

ti*«  burfting  of  the  veflels  in  chemical  operations; 

ag^inft  which,  however,  proper  precautions  are  now 

iclopted.     The  diminution  or  total  abftra&ion  of  the 

,r^ight  of  the  atmofphere,  which  is  effe&ed  by  the  air- 

P**Qp,  affeds  a  bladder  filled  with  air  in  the  fame  man- 

^^^as  a  violent  heat. 

The  reader  will  naturally  conclude  from  this  ac- 
coUnt  of  the  gravity  and  elafticity  of  air,  that  many  of 
the  variations  which  we  obferve  in  the  atmofphere  and 
°n  the  barometer  are  owing  to  thefe  properties.  In 
^^  the  inferior  fupport  the  fuperior  ftrata  of  the  at- 
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mofphere  ;  and  the  compreflion  of  a  ftratum  of  air  is 
always  fmaller  or  greater  in  proportion  as  it  occupies  an 
higher  or  lower  fituation.     Heat  alfo,  which  is  con- 
ftantly  varying,  has  the  power  of  modifying  this  gravi- 
ty and  elafticity.     Thefe  are  the  reafons  why  air  is 
found  to  be  lighter,  keener,  and  more  agitated,  &c. 
on  the  tops  of  mountains,  than  on  plains  and  other  left 
elevated  fituations.     To  underftand  thofe  aftonifhing 
phenomena  which  the  barometer  offers  to  our  atten- 
tion, we  mud  ftudy  the  gravity  and  elafticity  of  the 
atmofphere,  as  well  as  the  changes  to  which  it  is  liable, 
from  the  influence  of  heat.     M.  de  Luc  and  M.  Sauf- 
fure,  have  for  fome  years  paid  much  attention  to  this 
clafs  of  the  phenomena  of  nature. 

§  II.     Of  the  Chemical  Properties  of  Common  Air. 

The  properties  above  defcribed  are  all  that  were 
anciently  confidered  by  philofophers  as  belonging  to 
air.  Several  chemifts,  at  the  head  of  whom  Van  HeU 
mont,  Boyle,  and  Hales,  deferve  to  be  ranked,  obferv- 
ing  that  air,  or  at  lead  a  fluid  with  all  the  apparent 
properties  of  air,  was  obtained  in  the  analyfis  of  many 
natural  bodies,  inferred,  that  this  element  fubfifted  in 
thofe  bodies  in  a  combined  and  fixed  ftate.  Hence 
arofe  the  name  fixed  air,  which  was  at  firft  given  indif- 
ferently to  all  the  elaflic  fluids  obtained  in  chemical 
operations.  The  above  mentioned  philofophers  fup- 
pofed  thefe  fubftances  to  be  of  the  fame  nature  with  at- 
mofpbeiic  air:  ButDr  Prieflley  has  difcovered  a  number 
of  elaflic  fluids,  which,  though  apparently  the  fame 
with  common  air,  yet  differ  from  it  in  man?  refpe&s- 

We 
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We  muft  then  have  recourfe  to  other  qualities,  if  we 
wifli  to  diflinguifli  atmofpheric  air  from  the  other  aeri- 
form fluids,  which  like  it  are  invifiblc  and  elaftic.  It9 
chemical  properties  afford  the  only  criterion  on  which 
We  can  eftablifh  this  diflin&ion. 

In  examining  the  diiiindive  properties  of  air,  we  find 
two  which  are  peculiar  to  it,  and  may  very  well  fervc 
to  mark  its  character;  one,  its  being  favourable  to  com* 
buftion  or  inflammation  ;  the  other,  its  ferving  to  main* 
tain  animal  life  in  refpiration.  Let  us  carefully  exa- 
mine thefe  two  great  phenomena. 

It  is  exceedingly  difficult  to  give  a  good  definition 
£ oombuftion.  It  is  not  one,  but  a  number  of  pheno* 
item  which  combudible  bodies  offer  to  our  obfervation, 
rhen  they  are  heated  and  expofed  to  the  a&ion  of  the 
ir«  The  chief  of  them  are  heat,  motion,  flame,  rednefs, 
^d  the  change  of  the  nature  of  the  fubftance  that  is 
'Urnt.  There  are  many  varieties  among  combuflible  bo- 
*ci.  Some  of  them  burn  brifkly,  and  afford  a  brilliant 
l*me,  fuch  as  oils,  wood,  refinous  and  bituminous  fub- 
t^Hces,  &c. :  others  burn  away  without  producing  a  diu 
:^X"»ible  flame ;  as  for  inflance  many  of  the  metals,  and 
foarcoal  which  has  been  properly  prepared:  others  again 
ire  confumed  by  a  flow  motion,  fcarce  obfervable,  almoft 
without  Teeming  to  be  on  fire,  but  always  with  a  degree 
of  heat;— fuch  is  the  corabullion  of  fome  metallic  mat- 
ters. Combuftion,  however,  takes  place  equally  in  all 
tkefc  inftances;  and  the  body  which  has  been  once  burnt 
m  *ny  of  thefe  ways,  is  no  longer  fufceptible  of  ioflanu 
Dlation«  The  refidue  is  always  heavier  than  the  com-* 
b|*ftible  body.  This  may  be  eafily  proved  to  be  the 
**fc  wkh  fixed  combuflible  bodies.  But  agatn%  thofe 
Vox,  J.  £  <& 
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of  which  the  inflammable  matter  is  of  a  volatile  nature, 
burn  with  more  rapidity  than  the  former,  and  their  fix- 
ed refidue  wants  much  of  the  original  weight.     From 
this  it  may  perhaps  be  thought,  that  thefe  lad  lofe 
much  of  their  weight  in  burning :  but  it  is  only  a  Teem- 
ing lofs  they  fuffer ;  and  there  are  no  combuftible  bodies 
of  which  the  refidue s  are  not  weightier  than  before 
combuftion.    For,  what  remains  fixed  on  fuch  occafiow 
is  not  the  only  refidue  of  the  combuftible  body ;  a  coo- 
iiderable  part  of  volatile  combuftible  bodies  is  converted 
into  elaftic  fluids,  which  afcend  and  are  diffufed  through, 
the  atmofphere :  and  were  we  to  fuppofe  that  tbcfe 
leave  no  other  refidue  but  what  appears  after  their  com- 
buftion on  the  fpot,  or  in  the  veffel  where  they  were 
burnt,  we  muft  believe  what  is  impofiible,  that  tbef 
afford  no  refidue.     JEther  and  fpirit  of  wine  burn  awty 
without  leaving  the  fmalleft  particle ;  but  the  fubftaoce 
into  which  they  are  converted  is  volatilized  and  diffus- 
ed through  the  atmofphere.     When  means  are  em- 
ployed to  colled  it,  it  is  found  to  poffefs  more  gravity 
than  the  combuftible  body  from  which  it  was  produced. 
Thus,  by  burning  fixteen  ounces  of  highly  refiificJ 
fpirit  of  wine  under  a  chimney  adapted  to  the  worm- 
pipe  of  a  (till,  M.  Lavoifier  obtained  eighteen  ounces  of 
water  as  the  product  of  this  combuftion.     Oils,  refitf, 
&c.  prefent  the  fame  phenomenon.     Thus,  the  cindes 
of  burnt  wood  are  not  the  whole  of  the  refidue  which  it 
affords,  the  reft  afcends  in  the  air :  one  part,  not  being 
thoroughly  burnt,  becomes  foot ;  and  the  other  mixing 
with  the  atmofphere,  is  condenfed  into  water,  or  depo- 
fi(es  in  it  fome  other  elaftic  fluids.    It  is  therefore  afl 
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ftablifhed  truth  in  chemiftry,  that  all  combuftible  bo-, 
dies  acquire  additional  weight  by  being  burnt. 

To  underftand  how  this  addition  of  weight  is  acquir- 
ed, we  mud  attend  to  another  of  the  phenomena  of  com- 
buftion, which  it  will  be  neceflary  to  explain  more  at 
large.  Combuftion  can  never  take  place  without  the 
help  of  air,  and  is  always  in  proportion  to  the  purity  ant/ 
the  quantity  of  that  fluid.  Ever  fince  the  difcoveries  of 
Boyle  and  Hales,  philofophers  have  been  ft  ruck  with 
this  fad:,  and  have  propofed  a  variety  of  hypothefes  to 

,    explain  it.     Boerhaave  thought  that  air  contributed  to 

i 

,    combuftion  by  operating  on  the  furfaces  of  combuftible 
hodies*  fo  as  to  difled  them,  if  the  exprefiixm  may  b*_ 
allowed,  into  their  component  particles.  This  hypotheGs 
did  not  explain  why  the  fame  air  could  not  always  pro- 
mote combuftion.  M.  Morveau  fuppofed  this  laft  fad  to 
depend  on  the  extraordinary  rarefadion  of  the  air  by 
fcttt;  in  confequence  of  which,  it  acquired  fuch  elaftici- 
*7  as  to  prevent  the  combuftion  of  inflamed  bodies  by 
forcible  compreffion.   But  he  offered  this  ingenious  hy- 
pothefis  at  a  time  when  it  was  impofiible  to  diftinguifh 
the  true  caufe  of  the  phenomenon.    M.  Lavoifier,  by  a 
Kries  of  fine  experiments  on  the  calcination  of  metals 
roth  determinate  quantities  of  air,  has  proved,  that,  as 
J°hnRey  the  pbyfician  had  before  obferved,  fo  much  air 
u  abforbed  during  calcination,  that  the  calcined  metal 
•Quires  precifely  that  quantity  of  weight  which  the  air 
*°fct  during  this  procefs ;  and  that  the  portion  of  air  ab- 
wbed  adually  remains  in  the  metallic  calx,  as  the  cal- 
CCs  of  mercury  may  be  reduced  merely  by  expelling  that 
*uid.  Other  fads  led  him  ftill  farther.  He  obferved,  with 
*  ncftley,  that  the  air  which  remains  aftet  the  procefs  o£ 
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calcination  or  combuftion,  can  no  longer  ferve  to  pfo-» 
mote  new  procefies  of  the  fame  kind ;  that  it  extinguifb— 
es  flame,  fuifocates  animals,  and,  in  a  word,  has  acquir- 
ed a  different  nature.     He  likewife  found  that  its  dimU 
nution  is  exactly  proportioned  to  the  quantity  abforbcc3 
by  the  combuftible  body.     On  the  other  hand,  air  es- 
traded  from  metallic  calces  has  been  found  to  be  three 
or  four  times  purer  than  atmofpheric  air.     It  not  only 
promotes  combuftion,  but  even  renders  it  much  more 
rapid.     A  given  quantity  of  the  former  will  ferve  tot 
the  inflammation  and  total  combuftion  of  three  or  fbuf 
times  that  quantity  of  matter  which  may  be  confumed 
by  the  help  of  the  fame  portion  of  the  latter.     To  tbfj 
lingular  fluid  obtained  from  the  calces  of  mercury,  Dt 
Prieftley,  who  firft  difcovered  it,  gave  the  name  of  it* 
phlogijticated  air ;  becaufe  he  confidered  it  as  atmof* 
pheric  air  deprived  of  the  phlogifton,  which,  according 
to  him,  is  difTufed  through  the  whole  atmofphere.   Its 
phlogilton  he  believed  to  be  retained  by  the  mercurial 
calces,  which  are  gradually  reduced  as  this  elaftic  fluid 
is  difengaged  by  heat.    But  as  that  name  may  lead  tot 
falfe  idea  of  its  nature,  we  (hall  give  it  the  name  of  vi- 
tal air  j  for  it  alone  is  the  great  agent  in  refpiratkra,  m 
well  as  combuftion  ;  and  to  ufe  the  expreflion  of  M.  La- 
voifier,  it  has  four  times  as  much  of  the  genuine  nature    j 
of  air  as  common  air  has. 

From  thus  obferving,  that  air  is  abfolutely  neceflaryto 
combuftion,  and  that  part  of  the  air  neceflary  to  the  cal- 
cination of  metals  remains  in  the  calces,  M.  Lavoifitr 
was  at  firft  led  to  think,  that  combuftion  cbnCfted  in  the 
abforption  of  pure  air  by  the  combuftible  body.    Ab* 

finding  the  water  and  valours  contained  in  atmafphe* 

tic 
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£  air,  he  confidered  the  fubftance  that  remained  as  a 
nopound  of  two  very  different  elaftic  fluids.  One,  of 
tefe,  which  is  the  only  genuine  air,  and  which  promotes 
>nabuftion  by  precipitating  itfelf  into  the  combuftible 
ody,  and  uniting  with  it,  is  vital  air.  It  generally  com- 
oefes  a  fourth  part  of  the  atmofphere,  and  fometimes  e- 
en  a  third  part,  when  it  is  in  its  pureft  date.  The  other 
laid  is  deleterious  to  animals,  and  extinguiihes  flame  ; 
ad  it  conftitutes  three-fourths  or  two-thirds  of  the  at- 
oofpherc :  it  was  at  firft  named  me  phi  tic  air.  When 
combuftible  body  is  expofed  to  the  air  and  kindled,  a 
onion  of  the  vital  air  in  the  atmofphere  becomes  fixed 
i  that  body,  and  its  combuftion  continues  till  it  abforh 
U.  the  vital  air  immediately  around  it.  The  refidue  of 
i*e  air,  after  it  has  loft  this  pure  vital  part,  can  no  long- 
r  contribute  to  combuftion.  It  regains  this  power  on 
e**>g  again  qualified  with  a  due  quantity  of  pure  aixex- 
•U3ed  from  nitre  or  a  metallic  calx.  This  elegant  theory 
^Opofedby  M.  Lavoifier  in  the  years  1776  and  1777,  ap- 
fc^red  to  explain  all  the  phenomena  of  combuftion.  It 
^counted  for  the  additional  weight  acquired  by  metallic 
&1  "e,  and  the  extinction  of  flame  by  air  that  had  been 
already  employed  in  combuftion.  But  M.  Lavoifier, after 
continuing  his  experiments  upon  the  fubject,bas  thought 
proper  to  modify  and  enlarge  it  by  new  obferva- 
tions.  The  bright  flame  which  is.obferved  on  im- 
nerfing  a  burning  body  in  vital  air,  or  on  pouring  this 
iuid  on  the  furface  of  a  flaming  fubftance  (which  may 
e  done  by  means  of  an  ingenious  machine  of  his  in- 
entionj  made  him  defirous  of  knowing  whence  it 
roceeded,  and  whether,  according  to  the  theory  of 
:abl,  it  were  owing  to  the  difengagement  of  phlogif- 

X  3  vssu 


15©  ^theory  of  Combujlion. 

ton.     He  inquired  into  this  with  the  more  attention 
becaufe  the  celebrated  Macquer  had  ftill  perfifted,  not- 
withftanding   his  difcoveries,   in    maintaining   StahlW 
theory,  but  had  laboured  to  reconcile  bis  theory  witt^. 
that  of  the  father  of  philofophical  chemiftry.   Macquc^r 
was  of  opinion,  that  pure  air  became  fixed  in  combus- 
tible bodies  in  confequence  of  their  phlogifton  being* 
difengaged  ;  and  that  pure  air  and  phlogifton  were  re- 
ciprocally precipitated ;  the  one  from  the  atmofphero 
Into  the  combuftible  body,  the  other  from  that  body 
into  the  atinofphere :  in  every  procefs  of  combuftion 
pure  air  extricated  phlogiflion  into   a  ftate   of  liber- 
ty, and  affumedils  place  ;  and  in  the  reduction  of  mc« 
tals,  phlogifton  difengaged  pure  air  and  occupied  the 
room  which  it  had  formerly  poffefled.    M.  Lavoifier  ob» 
ferving  that  the  bright  fparkling  flame  before  mention- 
ed, which  affords  the  ftrongeft  indication  of  the  pit- 
fence  of  light  or  the  matter  of  fire  in  a  ftate  of  a&ivity, 
feems  rather  to  furround  the  exterior  part  of  the  bod/ 
in  combuftion,  than  to  proceed  as  if  it  were  difengaged 
from  it; — has  been  led  to  think  that  light  and  heat  are 
feparated  from  vital  air,  in  proportion  as  it  is  a  b  for  bed 
by  the  body  in  combuftion.     His  prefent  opinion  »t 
that  vital  air,  like  all  other  aeriform  fluids,  is  a  com- 
pound, confifting  of  a  certain  principle  fufceptible  of  fo* 
lidity,  and  of  fire  or  the  matter  of  heat ;  that  to  its  pof- 
ie fling  the  latter  it  owes  its  ftate  of  elaftic  fluidity  j  and 
that,  being  decompofed  in  combuftion,  its  fixed,  folid 
principle,  by  entering  into  combination  with  the  com- 
buftible body,  increafes  its  weight  and  changes  its  na- 
ture,— while  the  matter  of  fire  that  it  contains  is  difen- 
gaged  under  the  form  of  light  and  heat.     Thus,  the 
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modern  doctrine  has  bellowed  on  vital  air  what  Stahl  at- 
tributed  to  phlogifton.  If  combuftion  confift  in  the  dik 
engagement  of  fire,  it  is  the  air,  not  the  combuftible  bo- 
dy, which  burns.  As  to  the  principle  which,  in  com- 
bination  with  the  matter  of  fire,  conftitutes  pure  or  vi- 
tal air,  though  M.  Lavoifier  have  not  fully  explained 
• 

its  nature,  yet  as  it  is  often  known  to  form  acids  by  en- 
tering into  combination  with  combuftible  fubftances,  he 
has  conferred  on  it  the  name  of  oxygene  *.     With  this 
we,   the  fulphuric,  arfenic,  and    phofphoric    acids, 
&c.  are  produced  in  the  combuftion  of  fulphur,  arfe- 
nic, and  phofphorus,  &c.     In  all  thefe  bodies  it  is  ftill 
the  fame.     It  is  to  be  obferved,  that  according  to  this 
new  theory,  the  vital  air  which  is  obtained  from  me- 
tallic calces  did  not  exift  in  thefe  calces  under  that  form. 
It  becomes  fuch,  in  confequence  of  the  combination 
that  takes  place  between  the  heat  and  light  communi- 
cated through  the  vefTels  in  which  the  calces  are  con- 
tained during  this  procefs,  and  the  oxygene  by  which 
they  are  conftituted  calces. 

Such  is  the  prefent  ftate  of  chemical  do&rine  concer- 
ning the  nature  of  atmofpheric  air,  and  its  influence  on 
combuftion.  The  theory  of  which  we  have  given  an 
account,  is  daily  gaining  new  ftrength.  The  objections 
urged  againft  it  have  but  little  weight :  they  even  ihow, 
that  if  its  oppofers  were  better  acquainted  with  it,  they 
would  ceafe  to  raife.  their  voice  againft  it,  and  that  when 

K4  k 

*  M.  Lavoifier  gare  it  at  firft  the  name  of  oxigyne  ;  but  finding  it 
Bcccflary  to  apply  an  analogous  name  to  fome  other  fubftances,  before 
known  by  improper  denominations,  we  have  changed  the  gjnt  intO£ra/> 
at  more  expreffite  of  its  Greek  dentation*— F» 
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it  fhall  become  generally  known,  it  will  be  unanimoufl 
received  by  the  learned, 

Refpiration  is  a  phenomenon  nearly  refembling.  coir»  — 
bullion.     Common  air  is  decompofed  in  the  one  as  well 
as  in  the  other;  that  it  may  contribute  to  either,  it 
xnuft  contain  a  certain  quantity  of  vital  air*     When  it 
is  deprived  of  all  its  vital  air,  the  mephitic  refidue  is  fa. 
tal  to  animal  life.     Expiration  is  in  fad  but  a  flourer 
combuftion,  in  which  part  of  the  heat  of  vital  air  enters 
the  blood  as  it  pafles  through  the  lungs,  and  is  by  it 
conveyed  through  the  whole  body.     In  this  manner 
animal  bodies  receive  their  fupplies  of  heat,  which  are 
abfolutcly  ncceflary,  as  they  arc  conftantly  giving  out 
the  heat  which  they  contain,  to  the  atmofphere  ando- 
ther  furrounding  bodies.     To  maintain  the  heat  of  the 
blood  is,  therefore,  one  of  the  chief  purpofes  of  refpira- 
tion ;  and  this  beautiful  theory  explains  why  the  blood 
of  thofe  animals  that  refpire  either  no  air  or  but  very 
little,  is  always  cold. 

Meflis.  Lavoifier  and  De  la  Place  have  difcovered 
another  fervice  which  the  air  performs  in  the  aft  of  re- 
fpiration.    It  abforbs  a  certain  principle  that  exhales 
from  the  blood,  and  appears  to  be  of  the  fame  nature 
with  coal.     That  fubftance  being  reduced  into  vapour 
enters  into  combination  with  the  oxigenous  part  of  vi- 
tal air,  and  forms  the  carbonic  acid  uhich  is  difchar- 
ged  from  the  lungs   by  expiration.     This  fa#f — the 
formation  of  the  carbonic  acid  in  the  atmofpheric  air 
refpired  by  animals,  at  the  fame  time  when  the  mephi- 
tic air  is  il-parated, — explains  why  fuch  dangerous  ef- 
iefts  enfue  fiom  the  fhutting  up  of  a  number  of  per- 
nors together  in  dole  places  ;  fuch  as  happens  in  thea- 
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tres,  hofpitals,  prifons,  and  the  hold  of  a  fhip,  &c.  Af- 
ter this,  we  can  no  longer  be  furprifed  at  the  noxious 
effects  of  air  altered  by  refpiration,  by  which  perfons  of 
delicate  conftitutions  and  great  fcnfibility  of  nerves  are 
particularly  liable  to  be  affected. 

The  atmofphere  which  encompafles  our  globe  ap- 
pears, therefore,  to'  be  flittering  continual  alterations 
from  the  two  great  phenomena  of  combuftion  and  re- 
Jp*  ration.     That  fluid   would  be   very  inadequate   to 
tfacfe  two  great  purpofes,  wTere  there  not  other  means 
Provided  for  renovating  the  atmofphere,  and  maintain- 
*nS  it  with  conftant  fupplies  of  vital  air.     In  the  fol- 
lowing chapter,  and  in  the  third  part,  we  (ball  fee  that 
Hie  organs  of  vegetables  are  defined  by  nature  to  ex- 
trad  this  vital  air  from  water,  as  well  as  to  pour  it 
into  the  atmofphere,  when  (truck  by  the  rays  of  the 
fun. 

$  IH.  Of  the  dijlinguijhing  Properties  of  that  Mcphitic 
Air*,  or  Gas  Azote \  (or  Nitrogene  *,J  which  enters  into 
the  Compofition  of  Atmojpberic  Air. 

From  the  preceding  account  of  atmofpheric  air,  it 
appears  to  be  a  compound  body,  confiftingof  two  gafes 
or  elaflic  fluids";  one  of  which  maintains  combuftion  or 
refpiration,  but  the  other  is  entirely  unfit  for  ei- 
ther of  thefe  purpof-rs.  The  firft,  which  is  named 
vital  air,  exifis  in  the  proportion  of  0,27  or  0,28  ; 
while  the  latter  amounts  to  0,73  or  0,72.  We  have 
al&rted  the  firft  to  be  a  compound  of  the  caloric  and 

the 

*  I  think  nitrogen*  adopted  by  M.  Cbtptal,  a  more  correctly  ana- 
logical name  for  this  gas  than  axotc ;  unlefs  farther  difcoverics  (tiouii 
iadoce  us  to  adopt  rather  the  term  oJljJigene,  at  cxjKtffvtt  <A  *  ttitH* 
general  property  belonging  to  it. — H. 
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the  oxigenous  principles ;  the  fecond,  like  all  othc 
gafeous  bodies,  is  alfo  a  compound  of  the  caloric  prir 
ciple  with  a  bafe  fufceptible  of  folidity.  To  this  ela 
flic  fluid,  which  conftitutes  more  than  two  thirds  c 
the  atmofphere,  M.  Lavoifier  at  firft  gave  the  name  c 
mofette ;  becaufe  it  extinguifhes  combuftion,  and  dc 
ftroys  animals.  But  fince  all  gaffes,  except  vital  an 
atmofpheric  air,  are  equally  noxious,  and  are  therefor 
all  equally  intitled  to  the  name  of  mofettes  or  mtpbita 
which  has  been  always  applied  to  elaftic  fluids  unfit  ft 
refpiration  ; — we  have  adopted  the  words  gas  azote  * 
the  peculiar  denomination  of  this  aeriform  fluid :  am 
we  may  of  confequence  apply  the  fubftantive  azott 
or  the  term  azotic  principle,  to  the  bafe  of  this  gas 
which,  like  the  oxigenous  principle,  the  bafe  of  vita 
air,  becomes  fixed  by  entering  into  combination  wit) 
a  number  of  fubftances.  In  order  to  give  fome  ides 
of  the  nature  of  this  gas  azote,  we  (hall  mention  \ 
few  of  its  properties.  It  is  fomewhat  lighter  thai 
common  air,  and  therefore  occupies  the  upper  part  o 
rooms  in  which  the  air  hath  been  altered  by  combuf 
tion  or  refpiration.  Though  fo  noxious  to  animals*  it 
the  flate  of  elaftic  fluidity,  yet  the  azotic  principle 
its  bafe,  is  one  of  the  component  principles  of  ani 
mal  bodies  ;  from  which  it  is  extracted  in  great  abun 
dance.  It  is  likewife  one  of  the  conftituent  parts  o 
volatile  alkali,  or  ammoniac,  and  of  the  nitric  acid 
it  appears  to  be  abforbed  by  vegetables,  and  perhap 
alfo  by  animals.  It  is  highly  probable,  that  the  fam< 
principle  enters  into  the  compofition  of  all  alkaline 
bodies,  and  may  be  conlidered  as  a  genuine  atkaligi 
nous  pi  indole >  in  opgofition  to  the  bafe  of  vital  air 

t( 
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to  which  we  have  given  the  name  of  the  oxiginout 
principle.  Thus  we  are  led  to  confider  the  atmof- 
phcre  as  a  vaft  refer  voir  of  acidifying  and  alkalify- 
irw^sr  principles,  though  it  be  itfelf  neither  acid  nor  al- 
k  aline. 

Here  we  can  only  mention  thefe  properties  ;  in  the 
fucrceeding  part  of  the  work  they  fhall  be  more  particu- 
larly explained.  Here  we  have  only  endeavoured 
to  point  out  the  difference  between  the  two  fluids  of 
wbich  our  atmofphere  confiiis,  and  to  fix  the  reader's 
attention  on  the  nature  of  each  as  diftinct  from  the 
other, 


CHAP. 


CHAP.        VII. 

Of  Water. 

"fTTATER  was  long  thought  to  perform   an  im- 
portant  part  in  almofl  all  the  phenomena  of 
nature,  and  to  be  capable  of  afTuming  a  vaft  variety  of 
forms,  and  entering  into  many  combinations,  without 
fuffering  any  alteration  of  nature,  or  becoming  unable 
to  refume  its  original  (late.     But  the  late  refearchesof 
Meflrs  Lavoifier,  Meunier,  de  la  Place,   and  Monger, 
have  difcovered  that  water,  like  air,  is  compounded  o£ 
more  fimple.  principles  which  may  be  obtained  feparate* 
The  period  of  this  important  difcovery  conftitutes  a 
glorious  aera  in  the  hiftory  of  chemiftry.     We  fhall 
afterwards  fee  by  what  means  thefe  philofophers  ac- 
complifhed  the  analyiis  of  water.     Let  us  firft  confide!* 
the  phyfical  properties  of  this  body. 

§  I.     Of  the  Phyfical  Properties  of  Water. 

Philosophers  define  water  to  be  an  infipid,  ponde- 
rous, and  tranfparent  fluid,  without  colour  or  elaftici- 
ty,  extremely  fufceptible  of  motion,  and  capable  of 
palling  through  the  various  flates  of  aggregation,  from 
the  folidity  of  ice  to  the  tenuity  of  vapour  or  elaftic 
fluidity. 

It  is  found  in  almofl:  all  natural  bodies  ;  but  nature 
has  united  it  with  many  fubftances  with  which  art  has 

not 
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txot  yet  learned  to  make  it  enter  into  combination.  It 
is  obtained  from  wood,  and  from  the  moft  folid  bones ; 
it  is  known  to  exift  in  the  hardeft  and  moft  denfe  cal- 
careous (tones  ;  it  conftitutes  the  moft  confiderable  part 
of  animal  and  vegetable  fluids,  and  even  enters  into 
the  compofition  of  the  folid  parts  of  fuch  bodies.  Thefe 
are  the  fa  As  which  gained  it  a  place  among  the  number 
of  the  elements. 

The  natural  philofopber  views  it  as  exifting  in  maflis 
over  the  globe,  filling  up  its  cavities,  or  furrowing  its 
farface.     Its  hi  (lory  comprehends  that  of  the  eternal 
ice  which  covers  the  fummits  of  fome  lofty  mountains 
tad  the  polar  feas,   of  lakes,  rivers,  rivulets,  fprings, 
clouds,  rain,  hail,  and  fnow.     It  is  diftinguifhed  into 
tencftrial  and  atmofpheric  water.     It  attra&s  the  curi- 
as inquiry  of  the  pbilofopher,  in  its  palling  fucceffive- 
'y   from  the  furface  of  the  earth  into  the  atraofphere, 
***d  from  the  atmofphere  upon  the  riling  heads  of  hills ; 
***tl  again,   in  its  gathering  into  ftreams,  producing 
*S**ings,   fountains,  and  rivers ;  and  in  the  lad  form, 
k^*!ding  its  headlong  courfe  to  its  great  refervoir  the  fea. 
^Iferving  the  phenomena  of  this  immenfe  mafs  of  wa- 
*^r,  we  behold  it  agitated  with  the  moft  tremendous 
Motions ;  we  fee  its  fluctuations  and  currents  fometimes 
failing  awful  liquid  mountains  ;  we  fee  it  fometimes 
Encroaching  on  the  limits  of  the  earth,  and  fometimes 
retiring  within  its  ancient  boundaries.     Here  new  if- 
lands  fpring  up  from  its  depths  ;  there  the  foundations 
of  ifles  of  ancient  name  are  fapped,  and  they  fwallow* 
ed  up-  in  its  bowels.     If  we  trace  its  action  in  fubterra- 
Deous  cavities,  we  there  find  it  engaged  in  humbler  la- 
bours, producing  falts  and  cry  dais,  and  de^&tm^ttaot 
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in  the  clefts  of  the  rocks.  All  thefe  obje&s  mi 
under  our  attention  in  purfuing  the  natural  hi 
water.  But  we  mull  firft  examine  its  phyfical  s 
mical  properties. 

The  moft  remarkable  of  thefe  is  its  being  fuf 
of  various  forms,  and  becoming  by  turns  a  fol 
quid,  or  a  vaporous  body.  Let  us  confider  it  un 
of  thefe  three  modifications. 

I.     Of  Water  in  the  State  of  led. 

Ice  feems  to  be  the  natural  date  of  water ; 
chemiftry  at  lead,  we  confider  that,  as  the  natu 
of  any  body,  in  which  its  aggregative  force  is  fti 
But  as  it  appears  much  more  frequently  in  a  liqi 
liquidity  is  dill  confidered  as  the  natural  date  o 

Several  phenomena  highly  worthy  of  obfervai 
cur  in  the  formation  of  ice. 

> 

1.  The  change  of  a  liquid  into  a  folid  body 
takes  place  on  the  freezing  of  water,  occafions 
of  fome  degrees.  In  a  thermometer  immerfed  inl 
ing  water,  the  mercury  rifes  fome  degrees  aba 
while  in  another,  in  the  open  atmofphere  of  tl 
temperature,  it  either  remains  fixed  at  that  ] 
finks  below  it.  It  appears,  therefore,  that  par 
heat  which  is  fixed  in  water  in  a  liquid  date,  is  c 
ged  and  efcapes  into  the  atmofphere  when  it  af 
folid  form;  and  the  fpecific  heat  of  ice  is  a&u; 
than  that  of  water.  A  fimilar  difengagement 
is  pbferved  in  the  crydallization  of  falts. 

2.  The  external  air  promotes  the  formation 
Water  in  a  clofe  vefiel  freezes  but  very  flowly ; 
pofe  it  to  the  open  air,  even  in  the  fame  temp* 
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id  ice  will  almoft  inftantly  appear.  A  fimilar  pheno- 
enoa  is  obferved  in  the  cryftallization  of  falts :  many 
line  folutions,  which  in  clofe  veflels  are  maintained  in 
is  ftate,  will  almoft  in  an  inftant  difplay  cryftals,  if 
m  open  the  mouth  of  the  veflels  and  expofe  them  to 
e  con  tad  of  the  atmofphere. 

3.  Gentle  motion  is  favourable  to  the  produ&ion  of 
r.  The  fame  thing  is  obfervable  of  faline  cryftalliza- 
ins.  By  (baking  fome  folutions,  which  otherwife 
>uld  not  produce  cryftals,  we  fometimes  fee  thefe  ap- 
ar  while  the  (baking  is  continued.  I  have  often  ob- 
rvcd  this  in  folutions  of  calcareous  nitrate  and  muriate. 
befe  analogies  between  the  formation  of  ice  and  that 

(aline  cryftals  prove,  that  the  former  is  a&ually  a 
ecies  of  cryftallization. 

4.  The  bulk  of  a  piece  of  ice  appears  to  be  greater 
tan  that  of  the  water  of  which  it  is  formed ;  bottles 
*d  other  glafs  veflels  are  burft  in  confequence  of  the 
eezing  of  liquids  with  which  they  are  filled.  But  this 
led  is  to  be  afcribed  not  to  the  water,  but  to  the  air 
fcich  is  difengaged  from  it  during  its  congelation.    „ 

When  ice  is  formed,  it  is  diftingutfhed  by  the  follow- 
'&  properties. 

*.  It  has  been  obferved  by  M.  Mairan,  that  when 
fined  by  a  flow  congellation,  its  cryftals  are  in  the 
ttzi  of  needles  eroding  each  other  at  angles  of — from 
l°  to  I2G*.  Sometimes  its  cryftallization  takes  a  re- 
J^r  and  determinate  form.  M.  Pelletier,  a  difciple 
^L  D'Arcet's,  and  member  of  the  college  of  pharma- 
»  obferved  in  a  piece  of  fiftulous  ice,  cryftals  in  the 
~**i  of  flat  quadrangular  prifms,  terminating  in.  two 
*^dral  fummits,  but  with  great  variety  ^'  o» 
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ther  hand,  when  ice  is  fuddenly  formed,  and  in  larg  * 
mafles,  it  becomes  one  irregular  folid,  exattly  like  thfc. 
produced  when  folutioi  s  of  falts  are  prefled  clofe  toge? 
ther,  and  fuddenly  cooled  *• 

2.  Its  folidity  is  fo  great,  that  it  may  be  reduced  frc 
powder,  and  carried  about  by  the  wind.  In  very  cold 
climates,  ice  becomes  fo  hard  that  it  may  be  hewn  into 
pieces  like  Hone,  and  ufed  in  building.  Nay  we  arc 
even  confidently  told  that  mafles  of  ice  have  been  hol- 
lowed into  cannons,  and  charged  and  difcharged  feverai 
times  before  melting. 

3.  Its  elafticity  is  very  great,  much  greater  than  that 
of  water  in  fluid  (late.  Throw  a  piece  of  ice  on  a  folid 
plane,  it  rebounds  from  it  like  any  other  hard  body. 

4.  It  has  a  keen,  iliarp  tafte,  nearly  approaching  to 
caufticity.  Every  perfon  knows  what  kind  of  fenfatioa 
ice  gives  when  applied  to  the  Ik  in.  Phyficians  employ 
it  in  external  applications  as  a  tonic  or  difcuffive,  &c. 

1.  Its  gravity  is  lefs  than  that  of  the  fluid  on  which, 
it  fwims ;  which  feems  to  be  occafioned  by  its  contain* 
ing  a  greater  quantity  of  air  in  proportion  to  its  bulk* 
The  fame  phenomenon  takes  place  on  moft  of  thofe  bo- 
dies that  admit  of  concentration  by  cold,  and  fufioQ 
by  heat,  fuch  as  butter,  fat,  wax,   &c.  and  ftill  arifo 

.    from 

*  M.  Sage  informs  us,  that  a  piece  of  ice  containing  within  it  W 
frozen  water  ;  if  broken  fo  as  to  fuffer  the  water  to  run  out ;  cihibo1 
in  its  cavity  beautiful,  tetrahaedral  prifms,  terminating  in  fcmr-fiW- 
pyramids. 

M.  Macquart  relates,  that  when  it  fnows  at  Mofcow^  in  •ho***' 

ftatc  of  the  atmofphere,  the  air  is  obferved  to  be  loaded  wifh  cry^"*"*" 

zations,  regularly  flattened,  and  thin  as  a  leaf  of  piper.     Theft  GT0* 

ionizations  confift  of  fibres  diverging  into  fi*  different  rayi  £*** 

common  centre.    H» 

J 
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n  the  fame  caufe ;  for  every  fubftance  is  by  itfelf 
re  denfe  and  weighty  in  its  folid  than  in  a  fluid  date. 
L  Its  tranfparency,  at  leaft  in  irregular  mafles,  is  ob- 
:ed  by  air  bubbles.  You  may  be  convinced  of  this 
examining  a  piece  of  ice  attentively ;  and  if  the  ca- 
M  be  opened  under  water,  the  air  which  they  con- 
i  will  be  feen  to  iffue  in  bubbles  from  its  furface. 
.  It  melts  at  fome  degrees  above  320 ;  the  liquefac* 
i  proceeding  gradually  from  the  furface  to  the  cen- 

.  Palling  from  a  folid  to  a  liquid  ftate,  it  produced 
1  in  the  furrounding  atrrtofphere.  Modem  chemifts 
ik  that  it  abforbs  heat  when  it  melts :  and  that  the 
ntity  of  the  caloric  principle  which  becomes  fiied 
t  oft  that  occafiort,  is  equal  to  the  quantity  of  heat 
ingaged  when  it  paffes  from  fluidity  into  the  ftate  of 
.  The  fame  phenomenon  is  common  to  all  fluid  bo- 
>  that  can  be  condenfed  into  folids,  and  again  reduced 
luidity  by  the  variation  of  their  temperature. 

II.     Of  Water  in  a  Fluid  State. 

The  properties  of  water  in  a  fluid  ftate  are  very  dif* 
!nt  from  thofe  of  ice. 

r.  Its  tafte  is  much  fainter,  for  it  is  generally  confi- 
ned as  infipid.  And  yet  people  that  drink  much  of  it, 
1  diftinguifh  differences  in  its  tafte  at  different  times, 
•  ;  which  fhows  that  it  is  not  abfolutely  infipid. 
u  Its  elafticity  is  lefs  than  that  of  ice.  Some  ex  peri* 
nts  of  the  Academy  del  Cimento$  have  eVen  caufed 
1  property  to  be  entirely  denied  to  it.  But  the  Ab- 
tfongez  has  proved  the  elafticity  of  water  b*  a  feried 
ftgenious  refearches;  and  has  even 
roi~  I.  JL 
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experiments  of  the  Academy  admit  of  an  inference  <fr 
.  redly  oppoCte  to  that  which  has  been  deduced  from 
them.  For  the  fpheres  of  metal,  which  had  been  fillec 
with  water  for  thofe  experiments,  continued  to  exfud* 
liquid  drops  after  being  taken  out  of  the  prefs ;  wbicl 
could  not  have  happened  if  the  water  had  fufiered  a 
compreffion. 

3.  In  the  ftate  of  a  liquid  aggregate,  water  is  more  un 
der  the  influence  of  the  affinity  of  compofition.  Fron 
this  circumflance  it  has  obtained  the  name  of  the  greai 
folvent  of  nature.  It  does  indeed  enter  into  union  with 
many  bodies,  and  even  contributes  highly  to  the  mu- 
tual combination  of  bodies. 

4.  It  feems  incapable  of  combination  with  light* 
which  paffes  through  it  without  producing  or  fuffering 
any  alteration.  Light  is  known  to  change  its  courfo  m 
palling  through  water,  fo  as  to  aflurae  a  more  perpend* 
cular  direction* 

5.  Heat  dilates  it  to  a  gafeous  ftate.  Its  pafltog 
from  a  liquid  ftate  to  that  of  aeriform  fluidity,  confti- 
tutes  ebullition.  The  caufe  of  this  phenomenon  s» 
that,  part  of  the  mafs  of  water  under  examination 
having  affumed  the  form  of  an  elaftic  fluid,  the  beat 
no  longer  fuffers  it  to  temain  in  union  with  that  wbkh 
is  fiill  liquid  :  each  bubble  rifesfrom  the  bottom  of  the 
vefiel,  and  afcends  into  the  atmofphere,  in  obedience  tt 
the  a&ion  of  heat.  1  have  explained  the  caufe  .of  ebul- 
lition at  large  in  my  Memoires  de  Cbimie,  pubfifljed  K 
1784,  page  334. 

The  weight  of  the  air  has  a  remarkable  influence  01 
the  ebullition  of  water.  It  oppofes  its  dilatation  aft 
evaporation ;  And  in  proportion  as  the  gravity  of  tfa 
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air  is  lefs  or  more,  the  refinance  which  it  oppofes  to  the 
volatilization  of  water  mud  be  weaket  or  more  power- 
fui  Thus,  Fahrenheit  obfcrved,  that  the  temperature 
of  water  in  a  ftate  of  ebullition  is  not  always  the  fame. 
In  order  then,  to  know  with  greater  certainty  the  pre* 
cife  degree  of  heat  at  which  water  boils,  we  mud  con-* 
fult  the  barometer  as  well  as  the  thermometer,  and  we 
(hail  find  the  requifite  heat  always  proportioned  to  the 
freight  of  the  air. 

The  influence  of  the  weight  of  the  air  oti  the  rare* 
faction  and  ebullition  of  water  becomes  more  remark* 
able  when  we  make  our  obfervations  at  various  heights 
i*»  the  atmofphere.     Thus,  catcris  paribus \  water  boils 
^aficr  on  the  fummit  of  a  mountain  than  in  a  valley  or 
0*1  a  plain ;  the  heat  requifite  to  produce  ebullition  be* 
•nglefit  in  the  former  fituation  than  in  either  of  the  two 
tatter.    All  fluids  are  eaiily  rarefied  at  very  elevated 
heights;  for  this  reafon,  liquids  that  are  highly  vols* 
*iie,  fuch  as  fpirit  of  wine,  aether,  and  alkaline  or  am- 
moniac gas,  lofe  much  of  their  ftrength  on  the  tops  of 
fountains  ;  a  fad  which  has  been  generally  obferved 
V  natural  philofophers,  and  fully  determined  by  an  ob« 
ferration  made  by  M.  de  Lamanon,  at  the  height  of 
more  than    1809  toifes  above   the  level  of  the  fca« 
Abftrad  the  weight  of  the  atmofphere  with  the  pneu* 
matic  engine,  and  you  may  heat  water  to  ebullition, 
and  reduce  it  to  a  vapour,  without  railing  it  to  the  tem- 
perature of  122°. 

Laftly,  A  third  circumftance,  befide  the  heat  and 
the  gravity  of  the  atmofphere,  which  aflefts  the  ebulli* 
tioo  of  water,  is  the  drynefs  or  humidity  of  the  atltf+i 
ijpbere;  but  as  the  influence  of  this  rirrnmftwiwii 
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tirely  chemical,  we  fhall  referve  the  confideration  of  i 
to  the  next  fe&ion. 

6.  Boil  water  in  a  clofc  veflel,  and  with  a  fuitable 
apparatus  for  collecting  the  vapours;  let  thefe  be  con- 
denfed  by  cold,  and  conduded  into  a  receiver ;  what 
is  thus  obtained  is  diftilled  water.    By  this  means  wa- 
ter is  obtained  pure,  and  feparated  by  thofe  earthy  and 
faline  matters  which  almoft  always  alter  it,  but  are  now 
left  in  the  bottom  of  the  veflel.    Chemifts,  who  always 
need  pure  water  for  their  experiments,  provide  them- 
felves  with  it  in  this  way.  They  pour  river  or  fountain 

• 

water  into  a  cucurbite  of  copper  tinned  over  within: 
this  they  cover  with  a  capital  inferted  into  a  refrigera- 
tory filled  with  very  cold  water,  for  the  purpofe  of  cob- 
denfing  the  vapours ;  which  are  thus  caufed  to  pafs  ia 
drops  into  glafs-veflels  prepared  for  their  reception. 
But  in  order  to  obtain  diftilled  water  in  the  greateft  pu- 
rity, an  alembic  peculiarly  adapted  for  this  purpofe  muft 
be  employed.  To  abridge  the  procefs  of  diftillatioa, 
this  veflel  fhould  be  prepared  on  particular  principles; 
the  cucurbite  fhould  be  broad  and  flat,  and  the  capital 
of  the  fame  form.  Water  thus  diftilled  is  perfe&ly  pure, 
Chemifts  formerly  made  ufe  of  fnow  or  rain  water;  but 
thefe  are  now  known  to  contain  folutions  of  fome  ex* 
traneous  fubftances. 

Diftilled  water  has  an  infipid  tafte,  and  when  drunk 
oppreffes  the  ftomach  with  a  kind  of  weight ;  but  after 
being  expofed  to  the  open  air,  and  brifkly  fliaken,  it 
recovers  its  tafte,  and  may  be  drunk  with  fafety.  Di- 
Aillation  does  not  alter  water,  it  only  deprives  it  of  the 
air  which  is  always  united  with  it  in  its  ordinary  ftate, 

nod  communicates  to  it  that  lively  frefh  tafte .  which 

wvdecs 
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readers  it  potable.  Boerhaave  diftilled  a  quantity  of 
water  500  times  fucceflively,  without  being  able  to  dif- 
covcr  any  alteration  upon  it.  Some  philofophers  have 
st  different  periods  afferted,  that  water  is  changed  into 
earth;  becaufe,  at  each  new  diftillation,  it  leaves  a  cer- 
tain quantity  of  an  earthy  refidue  in  the  bottom  of  the 
Tcflcl.  M.  Lavoifier  has  made  a  feries  of  the  mod  ac- 
curate experiments,  with  a  view  to  determine  this.  By 
weighing  the  glafs  vefiels  employed  in  the  procefs  of 
diftillation,  and  doing  the  fame  with  the  water  diftilled 
*nd  its  refidue,  he  has  difcovered  that  this  earth  is  no- 
thing but  a  part  of  the  matter  of  the  vefiels  ground 
down  by  the  adion  of  the  water. 

III.     Of Water  as  an  Elajlic  Fluid.    . 

When  water  is  reduced.by  the  adion  of  fire  into  the 
ftate  of  vapour  or  elaftic  fluidity,  it  acquires  new  pro- 
perties which  diftinguifti  it  from  what  it  was  under  the 
two  former  modifications. 

1.  If  the  air  into  which  it  is  received  be  above  the 
temperature  of  65 °,  45',  and  not  overcharged  with 
humidity,  it  becomes  perfectly  invifible. 

2.  If  the  temperature  of  the  atmofphere  be  below 
540,  30',  and,  if  it  be  already  loaded  with  moillure,  the 
watery  vapour  forms  a  white  or  grey  cloud,  which  is 
very  plaioly  diftinguiihable :  The  reafon  of  this  is, 
that  it  is  not  difiblved  in  the  humid  air,  as  will  be  af- 
terwards fhown ;  but  a  true  precipitation  adually  takes 

3.  Its  dilatation  is  fo  confid^y^^.^  A&dNftfr 
allures  us  from  the  molt  accurate  coi 


pics,  in  this  form,   800  times  the  fpac4  which  it  fills 
when  liquid. 

4.  Such  is  its  elafticity,    that  when  compreffed,  it 
produces  dreadful  exploflons ;  and  is  happily  employed, 
in  mechanics  to  move  enormous  mattes.     Its  utility  in. 
that  valuable  machine  the  (team-engine  is  well  known. 
both  to  philofophers  and  artifans. 

5.  Agreeably  to  one  of  the  moft  uniform  laws  of  the 
affinity  of  compofition,  it  has  a  greater  tendency  to 
combination  in  this  (late,  in  which  its  aggregative 
force  is  weakeft,  than  in  the  two  former.  Chemifta 
have  frequently  occafion  to  obferve  with  what  rapx« 
dity  water  in  the  date  of  vapour  diflblves  falts,  foft- 
ens  mucous  fubftances,  corrodes  and  calcines  me* 
tals,  &c. 

6.  It  is  entirely  diflblved  in  air ;  when  precipitated 
from  the  atmofphere,  it  conftitutes  dew.  This  folution 
obeys  the  fame  laws  with  faline  foliations ;  as  has  been 
ihown  by  M.  Le  Roy  of  Montpelier,  in  an  excellent 
memoir  on  the  elevation  and  fufpenfion  of  water  in  tbe 
atmofphere,  (Melanges  de  Phvfique  et  de  Medicine,  Pa* 
ris,   1771.) 

7.  One  of  the  moft  remarkable  phenomena  of  water 
in  a  vaporous  (late,  is  its  power  of  quickening  the  com* 
bullion  of  oil ;  as  in  the  experiment  of  the  aeolipile  ap- 
plied to  the  enameller's  lamp,  in  common  fires  of  mi- 
neral  coal  or  charcoal,  and  in  the  burning  of  greafe ; 
inftead  of  extinguiftiing,  water  rather  increafes  the 
ilrength  and  fury  of  the  flame  in  all  thefe  inftances. 
Thefe  phenomena  led  Boerhaave  to  think  that  flame 
was  in  a  great  meafure  compofed  of  water.  We  (hall 
fee    how    much  this  ingenious  conjecture   of  Boer* 
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baave's  is  confirmed,  or  at  lead  juftified  by  the  modern 
discoveries  concerning  water,  when  we  come  to  fhow 
that  this  fluid,  in  a  vaporous  ftate,  increafes  the  violence 
o£  flame,  in  confequence  of  being  itfelf  decompofed  by 
the  bodies  in  combuftion. 

ft.  Water  in  vapour,  and  difTolvedin  the  air,  is  con* 
denied,  and  part  of  it  precipitated,  when  expofed  to  a 
temperature  a  few  degrees  above  the  freezing  point ; 
it  then  refumes  its  liquidity ;  and  in  this  manner  is 
dew  produced.  Sometimes,  when  expofed  to  a  fudden 
cold  fcveral  degrees  below  the  freezing  point,  it  is  con- 
gealed into  icicles,  and  feems  to  fuffer  a  kind  of  cry- 
ftallization  :  hence  thofe  hoar,  icy  incruftations  that 
*re  formed  in  winter  on  the  windows  of  apartments  ex- 
pofed to  the  north  :  hence  too  thofe  fmall  icy  flakes  in- 
to which  the  aqueous  vapours  ifluing  from  the  lungs  are 
formed  in  Siberia  and  other  countries  expofed  to  an  ex- 
treme cold. 

S  II.     Of  the  Chemical  Properties  of  Water. 

No  other  natural  body  is  fufceptible  of  more  combi- 
nations than  water;  and  it  has,  on  this  account,  long 
held  the  name  of  the  great  folvent  of  nature.  The  wa- 
ters of  the  fea,  of  lakes,  of  rivers,  fprings,  and  foun- 
tains, are  far  from  being  pure,  and  are  impregnated 
with  almoft  every  other  fubftance,  efpecially  with  fa- 
line  matters* 

It  combines  with  air  in  two  ways  :  x.  It  abforbs  this 
elaftic  fluid  and  retains  it  without  paffing  from  its  li- 
quid ftate.  It  even  appears  that  water  owes  its  plea&nt 
fre£h  tafte  to  the  air  thus  combined  with  it.    The.pneu- 
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matic  engine  proves  the  reality  of  this  combination; 
when  the  air  above  the  water  is  exhaufted,  that  which 
is  mixed  with  it,  is  gradually  difengaged  in  the  form  of 
bubbles.     The  air  contained  in  water  may  be  obtained 
by  diftilling  the  water  in  a  pneumato-chemical  ap* 
paratus.      When  water  is   boiled,    the   fir  ft  bubbles 
that  arife,  confift  of  air,   and  the  water,  after  kfing 
them,  has  no  longer  the  fame  lightnefs  or  reliih.   It 
recovers  thefe  properties  by  being  expofed  for  fomt 
time  to  the  open  atmofphere,  or  by  being  brilkly  flu- 
ken.     2.  Air,  with  a  certain  degree  of  heat,   diffolve* 
water,  and  renders  it  elaftic  and  invifible  like  itfelf. 
The  greater  its  heat,  the  greater  alfo  is  its  power  of 
maintaining  water  in  a  ftate  of  folution.     Le  Roy  of 
Montpelier  has  examined  with  minute-  attention  the 
ftate  of  water  in  the  atmofphere.     Hi3  ingenious  expe- 
riments ftiow,    that  the  drieft  hot  air,    if  inclofed  in  a 
flafk,  and  cooled  to  a  certain  temperature,  affords » 
precipitate  of  water  ;  that  more  or  lefs  aqueous  va- 
pour is  neceflary  to  faturate  the  fame  quantity  of  air 
according  to  its  heat ;  and  that  this  water  is  precipe 
tated  from  the  atmofphere  through  the  night,  and 
forms  a  particular  kind  of  dew.     He  has  even  beenlei 
to  think,  from  thefe  fads,  that  the  weight  of  theaU 
mofphcre   depends   upon  the   quantity  it  contains  of 
this  water,  which  is  always  in  proportion  to  its  tem- 
perature. 

Though  it  be  not  confident  with  the  method  which 
we  propofe  to  follow,  to  enter  upen  the  examination 
of  faline  matters  in  this  place  ;  yet  we  nmft  obferae, 
that  water,  as  it  poficflcs  in  an  high  degree  the  pro* 
perty  of  difljlving  them,  always  contains  a  certain 
r  quantity 
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quantity  of  feme  faline  fubftance.  Calcareous  falts  are 
moft  frequently  mixed  with  water,  and  communicate 
fame  difagreeable,  and  fometimes  even  noxious,  quali- 
ties to  well  and  river  waters.  Thefe  are  fometimes  alfo 
found  to  contain  a  portion  of  the  carbonic  acid,  of  clay, 
of  iron,  and  of  the  extra&s  of  vegetables  altered  by  pu- 
trefa&ion.  All  fuch  waters  are  unwhoiefome;  thofe 
vitiated  with  the  former  mixture  are  called  crude,  hard 
waters:  they  have  an  infipid  tafte,  are  heavy  upon  the 
ftomach,  and  unfavourable  to  digeflion ;  and  being  like* 
wife  often  purgative,  the  ufe  of  them  is  not  without 
danger.  It  is,  therefore,  an  object  of  confiderable  im- 
f  portance  to  diftinguifh  the  quality  of  water ;  to  difcover 
whether  it  be  impregnated  with  any  bodies  which  may 
communicate  to  it  noxious  properties  ;  and  to  adopt 
Jtteans  for  purifying  it  from  fuch  a  mixture. 

Good  wholefome  water  is  generally  diftinguifhed  by 
tfcc  following  cbaracteriftics.     It  is  very  clear  and  lim- 
pid; no  extraneous  body  alters  its   tranfparency;  it 
b«*s  no  fmell ;  it  has  a  lively,  frefli,  and  almoft  pun- 
S^nt  tafte  ;  it  boils  readily,  and  without  lofing  its  trans- 
parency; it  entirely  diflblves  foap,  in  fuch  a  manner 
^s  to  produce  a  homogeneous  fluid,  without  clouds  or 
'umps;  it  boils  leguminous  vegetables  without  harden- 
*1g  them :  if  tried  by  an  addition  of  thofe  liquors  that 
*re  named  re-agents%  fuch  as  alkalis,  and  folutions  of 
ttiercury  and  filver  with  nitre,  it  lofes  neither  its  puri- 
ty nor  tranfparency ;  or  at  lead  if  it  futfers  any  change 
of  this  kind,  it  is  almoft  imperceptible.    Laftly,  it  paf- 
ies  eafily  through  the  ftomach  and  the  inteftines,  and 
is  favourable  to  digeftion.   Spring  or  river  water,  which 
filtrates  or  flows  through  fend,  i$  in  continual  uvouotv 
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and  is  not  polluted  with  the  putrefa&ion  of  animal  or 
vegetable  fubftances, — is  found  to  poflefs  all  thefe  pro- 
perties :  but  filth  mud  not  be  conveyed  into  it  by  few- 
ers ;  the  channel  mud  not  be  filled  up  fo  as  to  divert 
or  flacken  its  courfe  ;  nor  mull  hemp  be  deeped,  or  foul 
linens  wafhed  in  it,  &c.  On  the  contrary,  water  which 
ftagnates  in  fubterraneous  cavities,  which  ifiues  from  1 
calcareous  or  gypfeous  foil,  which  has  no  current,  which 
is  overgrown  with  plants  or  crawls  with  infe&s,  which 
is  very  (hallow,  with  a  foft  muddy  bottom,  confiftinj 
of  putrid  vegetables;  all  fuch  water  exhibits  quite  diffe* 
rent  qualities.     Its  tafte  is  infipid  or  even  naufeous;  it 
has  the  fmell  of  a  mouldy  or  putrid  fubftance  ;  it  is  oftei 
green  or  yellowifli ;  green  or  brown  flakes  of  matter, 
the  remains  of  putrefied  vegetable  fubftances,  are  feea 
fvvimming  in  it ;  it  turns  vegetable  blues  to  green;  it 
becomes  dark  and  muddy  when  boiled ;  forms  clouds 
with  foap,  and  hardens  all  kinds  of  pulfe;  the  re-agents 
caufe  it  to  give  precipitates  in  greater  or  lefs  abufr~ 
dance ;  it  opprefies  the  flomach,  remains  long  upon  it* 
and  retards  digeftion. 

Several  means  are  ufed  to  corred  thefe  bad  qualities 
which  have  been  adopted  entirely  from  the  confident- 
tion  of  its  phyfical  and  chemical  properties. 

j.  Stagnant  waters  are  put  in  motion  by  cutting  out 
for  them  a  Hoping  channel,  ezpofing  them  to  the  a&ofl 
of  mills,  caufing  them  to  rife  in  fpouts  through  the  air, 
or  to  tumble  down  in  cafcades.  By  thefe  meant  the 
putrid  gas  and  fpiritus  re&or  are  made  to  evapofilfi* 
extraneous  matters  are  collefted  and  depoficed  ia  the 
bottom,  and  a  confiderable  quantity  of  air  isfttttdei 
into  combination  with  the  water.  ..  .;  :*  . 
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*•  Marflie?  and  pools  are  cleanfed  of  all  putrefying 
animal  and  vegetable  fubftances :  and  this  cannot  be 
done  without  agitating  their  waters  at  the  fame  time, 
which  is  alfo  ferviceable. 

3.  Water  is  filtrated  through  jars  or  fountains,  the 
bottoms  of  which  are  covered  with  fine  fand  and  fpon- 
ges:  thefe  need  to  be  renewed  from  time  to  time.  The 
bottoms  of  fmall  rivulets  naturally  covered  with  a  bed 
of  mud,  are  alfo  laid  with  fand  and  pebbles. 

4.  The  above  are  means  for  purifying  water  by  fe- 
parating  from  it  fuch  heterogeneous  matter  as  may  hap 
pen  to  float  in  it;  but  they  cannot  deprive  it  of  any  fa- 
line  fubftances  that  exift  in  it  in  a  date  of  folution.    To 
Separate  thefe  from  water,  it  mud  be  boiled,  left  to  fet- 
tle and  cool  till  it  become  clear,  then  filtrated  through 
paper  or  pure  fand,  and  expofed  to  the  air  in  broad  ftone 
reflels.  After  undergoing  this  procefs,  it  may  be  drunk 
*"ith  fafety.     Ebullition  frees  hard  water  of  the  prin- 
Clple  which  occafions  its  difagreeable  fmeil,  and  caufes 
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**  to  precipitate  part  of  its  calcareous  falts :  but  to 
Produce  the  laft  effeft,  the  water  mull  be  boiled  for 
**alf  an  hour,  or  for  fo  long  time  as  may  be  neceflary 
to  make  it  diflblve  foap,  and  to  deprive  it  of  the  proper- 
ty  of  hardening  pulfe. 

5.  If  boiling  be  found  inefficient  for  purifying  wa- 
ter of  its  calcareous  falts,  as  fjmetimes  happens  when 
it  is  flrongly  impregnated ;  thefe  mud  then  be  precipi- 
tated by  boiling  it  with  a  fmall  quantity  of  potatoes, 
or  for  want  of  potafhcs  with  common  afhes ;  the  falts 
then  fall  to  the  bottom ;  and  the  water  being  fuffered 
to  fettle,  and  expofed  to  the  air,  acquires  all  the  quali- 
ties which  we  wiih  it  to  poflcfi. 
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6.  We  may  alfo  make  ufe  of  fome  fubftances  to  cor- 
rect the  difagreeable  and  noxious  qualities  of  water, 
fuch  as  fugar,  meal,  barley,  corn,  honey,  pot-herbs,  and 
fome  labiated  aromatic  plants.  But  thefe  cannot,  like 
the  former  means,  communicate  to  it  the  qualities  of 
pure  water ;  they  only  fubftitute  one  tafte  in  the  place 
of  another. 

This  account  of  the  chemical  properties  of  water  re- 
prefents  it  only  as  a  powerful  agent  in  combination,  ca- 
pable of  entering  into  union  with  many  natural  bodiet 
But  in  many  of  its  combinations  it  fufiers  a  remarkable 
alteration,  which  was  not  taken  notice  of  till  the 
month  of  April  1784;  and  which  is  highly  worthy  of 
the  attention  of  chemifts. 

Water  has  long  been  known  to  favour  combuftiooia 
fome  initances,  as  in  the  enameller's  lamp,  in  the  in- 
flammation of  oils,  in  ftrong  conflagrations,  &c.  Some 
philofophers  had  thought  themfelves  authorized  by  thefe 
fads  to  conclude,  that  water  was  fometimes  changed 
into  air :  but  we  are  indebted  to  a  few  French  academi- 
cians for  a  more  accurate  account  of  thefe  phenomena, 
and  of  the  nature  of  water,  M.  Lavoifier  having  ob» 
ferved,  with  M.  De  la  Place,  that  when  inflammable 
gas  is  burnt  in  a  clofe  veflel,  by  the  help  of  vital  air,  a 
prod u ft  of  pure  water  is  obtained  (a  fad  which  was  ob- 
ferved  almoit  at  the  fame  time  by  M.  Monge,  with  the 
mod  accurate  attention,  in  the  laboratory  of  the  fchool 
of  Meziere),  concluded,  that  this  produft  mud  be 
compofed  by  the  combination  of  vital  air  with  in* 
flammable  gas ;  and  that  thefe  were  the  conftitueflt 
principles  of  water.  This  theory,  by  which  J£*r{*» 
voifler  prefumed  to  deprive  water  all  at  oncvjaTtfel 


Water.  173 

character  of  a  fimple  elementary  body,  which  it  had  fo 
bog  maintained,  met  with  keen  oppofnion  ;  and  its  au- 
thor found  himfelf  under  a  neceffity  of  eftabliihing  it 
by  analytical  as  well  as  by  fynthetic  fads.  He  there- 
Fore  attempted  to  decompofe  this  fluid,  by  exhibit- 
ing to  it  bodies,  the  affinity  of  which  with  one  of  its 
principles  was  fo  ftrong,  that  they  might  be  expected 
to  feparate  it  from  the  other.  Obtaining  the  afliftance 
of  M.  Meufnier,  in  his  refearches  on  this  head,  thole 
two  philofophers  read,  in  the  academy,  on  the  21ft  of 
April  1784,  a  Memoir,  proving  that  water  is  not  a 
fimple  fubftance,  but  a  genuine  compound  of  the  bafe 
tf  inflammable  gas  with  that  of  vital  air  or  the  oxige- 
aous  principle ;  and  that  the  two  principles  may  be 
ttfily  feparated  from  each  other.  To  obtain  thefe  two 
Ratters  feparate,  M.  Lavoifier  at  firft  employed  the 
following  procefs.  In  a  fmall  bell-glafs,  above  fo  much 
fcercury,  he  put  a  certain  quantity  of  very  pure  diftil- 
ed  water  mixed  with  iron  filings :  Thefe  filings  were 
Tadually  calcined;  an  inflammable  elaftic  fluid  was 
lifeagaged,  and  collected  immediately  above  the  nur- 
*iry ;  and  in  proportion  as  thefe  two  phenomena  ap- 
peared, the  quantity  of  the  water  was  dimimfhed.  By 
>rofecuting  this  experiment  farther,  the  iron  may  be 
entirely  calcined  and  totally  decompofed ;  for  the  wa- 
fer, in  M.  Lavoifier's  opinion,  both  occafions  the  calci- 
nation of  the  iron  and  gives  out  the  inflammable  gas. 
is  the  fluid  is  compofed  of  the  ovigenous  principle  and 
lie  bafe  of  inflammable  gas,  the  iron  gradually  depriv- 
ig  it  of  the  former,  combines  with  that  principle  to 
mn  a  metallic  oxide,  and  leaves .  the  inflammable  gas 
ifengaged. .  Such  wa»  the  firft  experiment  in  which. 


this  enlightened  chemift  accomplifhed  the  decompofi* 
tion  of  water.     But  in  thofe  researches  which  he  profc- 
cuted  in  conjundion  with  M.  Meufnier,  he  followed  i 
much  fhorter  and  more  conclufive  procefs.     Placing 
the  barrel  of  a  gun  in  a  furnace,  and  heating  it  red- 
hot,  he  dropped  a  certain  quantity  of  water  through  it. 
In  this  procefs,  the  water  being  reduced  to  vapour  ii 
decompofed  as  foon  as  it  comes  into  contact  with  the  red 
iron,  and  the  oxigene  which  it  contains  becomes  fixed 
in  the  metal ;  as  appears  from  the  increafe  of  its  weight 
and  the  alteration  of  its  fubftance.     The  bafe  of  inflam- 
mable gas  being  fet  at  liberty,  paiTes  quickly  through 
the  gun-barrel,  and  is  received  into  bell-glafles  placed 
for  that  purpofe  at  the  oppofite  end.     On  a  repetition 
cf  their  experiments,  with  all  the  precifion  poffible, 
thofe  philofophers  difcovered,  that  water  contains  about 
fix  parrs  of  the  oxigenous  principle  with  one  of  thebaic 
of  inflammable  gas ;  that  of  confequence  this  lad  prin- 
ciple conftitutes  but  a  feventh  part  of  the  compound; 
that  it  is  thirteen  times  lighter  than  common  air;  and 
that  it  occupies,  when  at  liberty,  fifteen  hundred  timet 
the  fpace  which  it  filled  in  its  aqueous  combination. 

Water  appears  to  a&  in  the  fame  manner  on  many 
other  combuftible  bodies,  which  it  reduces  with  more 
or  lets  facility  to  a  burnt  ftate,  and  to  afford  uniformly 
a  quantity  of  inflammable  gas.  It  may  be  decom- 
pofed with  zinc,  charcoal,  or  oils;  with  the  laft  of 
thefe,  by  dropping  the  water  into  boiling  oil  in  a  re- 
tort, the  neck  of  whicU  is  immerfed  under  the  glafibt 
of  a  common  pneumato-chemical  machine.  BiU  great 
caution  is  neceflary  to  prevent  the  explofion  that  takes 
place  when  the  water  rifes  in  the  vacuum  produced  in 
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the  neck  of  the  retort  by  the  ebullition  of  the  oil.  To 
determine  certainly  whether  a  combuftible  body,  fuch 
as  a  metal,  a  coal,  &c.  be  capable  of  decompofing  wa- 
ter, immerfe  a  piece  of  it  red  hot  into  a  veflel  of  water, 
wder  a  bell-glafs  filled  with  the  fame  fluid,  and  the 
iBflammable  gas,  which  is  always  difengaged  whenever 
Hater  is  decompofed,  will  be  received  into  the  glafs. 
Thefe,  namely,  the  decorapofition  of  water,  and  the 
produdion  of  inflammable  gas,  are  the  reafons  why 
babbles  arife  when  red  iron  is  plunged  into  water,  as 
kai  been  obferved  by  Meffrs  Haffcnfraft,  Stouttz,  and 
B*Hellancourt,  of  the  royal  mineralogical  fchool  of 
France.  A  fimilar  difengagement  of  inflammable  gas, 
tfce  confequence  of  the  decompoiition  of  water,  takes 
place  when  a  piece  of  flaming  charcoal  is  thrown  into 
a  quantity  of  this  fluid. 

Thefe  are  the  newly  difcovered  fads  concerning  the 
nature  and  compofition  of  water*  Meflrs  Lavoifier  and 
Meufnier  think,  therefore,  that  this  fluid  is  a  com- 
pound of  about  fix  parts  of  the  oxigenous  principle 
and  one  of  the  bafe  of  inflammable  gas,  or,  more  accu- 
rately, of  o.86  of  the  former  body,  and  0.14  of  the  lat- 
ter ;  that  iron,  charcoal,  and  oils/ having  a  fironger  af- 
finity with  the  oxigenous  principle  than  it  has  with  the 
bafe  of  inflammable  gas,  enter  into  combination  with 
it,  leave  the  combuftible  elaftic  fluid  difengaged,  and 
thus  decompofe  water;  that  this  liquid  may  be  again 
formed  by  burning  inflammable  gas  with  vital  air ;  that 
when  this  procefs  of  combuftion  is  carefully  perform- 
ed, a  quantity  of  water  is  obtained,  which  anfwers  pre- 
rifdy  in  weight  to  the  quantity  of  the  two  gafes,  by 

the, 


ij6  Water. 

the  combination  of  which  it  was  produced j  that  in 
many  chemical  operations,  water  is  produced  by  this 
combination;  and  that,  therefore,  if  fpirit  of  wine  and 
oils  be  burnt  under  a  chimney,  proper  for  condenfing 
their  vapours,  and  fitted  to  the  worm-pipe  of  a  ftill, 

■ 

the  other  end  of  which  is  joined  to  a  receiver,  a  quan- 
tity of  water  will  be  obtained  almoft  always  greater  than, 
that  of  the  combuftible  liquid  which  affords  it j  becaufe 
the  inflammable  gas,  difengaged  from  the  liquid,  com* 
bines  with  the  pure  part  of  the  atmofpheric  air  which  it 
decompofed  during  the  combuftion. 

Thefe  difcoveries,  and  the  theory  founded  upon, 
them,  cannot  but  form  one  of  the  mod  illuftrious  cru 
in  the  hiftory  of  natural  philofophy.  As  it  is  of  the: 
utmoft  importance  to  confider  all  the  confequences  of 
which  it  admits,  with  all  poffible  care,  we  fhall  hero 
add  a  few  obfervations,  in  order  to  convey  more  dif- 
tinft  and  accurate  ideas  of  it. 

We  have  mentioned,  that  all  aeriform  fluids  oW« 
their  gafeous  (late  to  the  matter  of  fire  or  heat  combin- 
ed with  them.  Inflammable  gas  depends  on  the  fame 
principle  :  For  as  the  decompofition  of  water  and  iti 
change  into  inflammable  gas  always  require  an  high 
temperature,  and  as  the  more  violent  the  heat  applied* 
the  more  rapid  is  the  change;  this  gas,  therefore,  ap- 
pears to  acquire  its  amazing  levity,  and  to  aflurae  the 
aeriform  (late,  in  confequence  of  a  confiderable  quanti- 
ty of  heat  being  abforbed  by  its  aqueous  bafe ;  which  is 
the  reafon  why  it  can  never  be  obtained  but  in  a  ft  ate  of 
extreme  fufion.  It  becomes,  therefore,  necefikry  to 
bellow  a  particular  name  on  this  bafe  of  inflammable 
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gas,  which  when  combined  with  the  oxigenou*  princU 
pic,  the  bafe  of  vital  air,  is  fufceptible  of  a  folid  form* 
is  io  the  inftance  of  ice.  This  bafe  being  confidered 
as  one  of  the  eflemial  principles  of  water,  mud  be  dif- 
tinguilhed  by  a  name  expreffive  of  that  property.  We 
have  adopted  the  word  hydrogen*,  or  hydrogenous  prin- 
ciple, as  anfwering  the  purpofe.  And  we  call  water  a 
compound  of  the  ovigenous  principle,  or  the  bafe  of  vital 
air,  and  the  hydrogenous  principle,  or  the  bafe  of  in- 
flammable gas.  And  as  there  are  many  inflammable  elaf- 
tic  fluids,  fuch  as  alcohol,  aether,  volatile  oils,  &c.  when 
reduced  to  elaflic  fluidity ;  we  diftinguifh  this  principle 
►  of  water  in  its  aeriform  (late  by  the  name  of  hydroge* 
mugas. 

In  a  future  chapter  we  (hall  have  occafion  to  re- 
view this  important  fubject ;  in  this  place  it  is  fuf- 
ficicat  to  have  fhown,  that  water  is  not  a  fimple,  but 
*  decompofable  body.     Nature  in  her  grand  opera- 
tions effeds  the  feparation  of  principles  with  much 
greater  facility   than  art,  and  by  many  more  ways 
than  art  can  ever  difcover  or  adopt.     It  is  in  con- 
Sequence   of  its    decompofition    that    water   purifies 
the  atmofphere,  by  pouring  into  it  ftreams  of  vital 
*ir;  that  it  contributes  to  the  formation  of  faline 
Otters,   of  the  principles  of  which  pure  air  is  al- 
ways one ;  and  that  fuch  a  quantity  of  inflammable* 
£*s  is  often  difengaged  from  ftagnant  waters,  as  fome- 
times  to  overload  the  atmofphere,  and  to  produce  ig-» 
neous  meteors,  in  confequence  of  being  kindled  by 
*he  eledric  fluid  in  its  ftruggles  to  maintain  its  equi- 
Librium.     Laftly,  This  fine  difcovery  of  the  compo» 
Vol.  I.  M  neat 


tjl  Water* 

neftt  principles  of  water,  its  decompofition  and  rt- 
cortipofition,  illuftrates  and  explains  many  of  the  phe- 
nomena of  nature,  particularly  the  renovation  <ri 
the  atmofphefe,  the  folution  of  metals,  vegetation 
fermentation,  and  putrefadtion  ;  as  (hall  be  fhowr 
more  at  large  in  feveral  fucceeding  chapters  of  thfa 
work. 


CHAP. 


CHAR      VIII. 

Of  Earth  in  general. 

E  philofophers  of  antiquity  believed  in  the  ex* 
ftence  of  a  fimple  fubftance,  the  principle  of 
fs,  gravity,  drynefs,  and  fixity,  and  the  bafe  of 
1  bodies,  to  which  they  gave  the  name  of  earth* 
pinion,  founded  folely  on  abftraft  reafoning  and 
lefis,  has  long  been  taught  in  the  fchools,  and  is 
aintained  by  a  number  of  philofophers.  Para* 
gave  the  name  of  earth  to  all  refidues  obtained 
ilyGs.  But  fucceeding  chemifts  following  the 
of  Glauber,  to  examine  refidues  with  as  much 
on  as  products,  were  foon  convinced  that  thofe 
ir  from  being  pure  earth ;  and  the  opinion  of  Pa- 
s  was  of  confequence  exploded.  Boerhaave  hav- 
opted  the  notion  of  Paracelfus  under  fome  re- 
us, obferved,  that  after  every  analyfis,  there  re* 
I  a  dry,  infipid,  heavy  j  colourlefs  matter ;  pof- 
in  fiiort  all  the  properties  of  earth.  But  thefe 
5,  when  chemically  examined,  are  found  to  di£» 
onfiderably  from  one  another,  that  they  cannot, 
ly  propriety,  be  comprehended  under  one  gene- 
omination. 

:her,  as  has  been  already  mentioned  in  our  account 
iciples,  admitted  three  different  kinds  of  earth  ; 
>le,  inflammable,  and  mercurial.  Stahl  confi- 
he  firft  of  thefe  as  the  only  genuine  *■*»*  «xA 
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Macquer  follows  Stahl  in  thinking  vitrifiablc  earth  the 
pureft  and  the  mod  elementary. 

In  order  to  determine  what  judgement  we  ought  to 
form  on  this  matter,  let  us  firft  examine  attentively  the 
properties  which  chemifts  agree  in  afcribing  to  elemen- 
tary earth.  We  find  fix  which  have  been  confidered 
as  its  diftinguifhing  chara&erifticsj  namely,  gravity, 
hardnefs,  infipidity,  fixity,  infufibility,  and  inaltera- 
bility. But  all  of  thefe  properties  are  found  as  well 
in  the  earth  which  forms  the  bafe  of  rock-cryflal, 
quartz,  and  vitrifiable  ftones  in  general,  as  in  clays. 
If  then  a  number  of  fubflances,  confiderably  different 
from  one  another  in  many  refpedts,  be  found  to  poflcfi 
in  common  all  the  diflin&ive  properties  attributed  to 
elementary  earth,  are  we  to  confider  them  as  fo  many 
firaple  primary  earths  ?  Or,  fhall  we  rather  adopt  the 
opinion  of  Stahl  and  Macquer,  who,  finding  vitrifiable 
earth  to  poflefs  in  a  more  eminent  degree  all  the  pro- 
perties of  elementary  earth,  confider  it  as  the  only  ge- 
nuine primary  earth,  and  the  others  merely  as  bodies 
formed  by  it  in  combination  with  different  principles? 

However  plaufible  this  opinion,  however  refpe&able 
its  authors,  we  cannot  agree  to  confider  vitrifiable  earth 
as  the  only  primary  and  elementary  earth  :  i.  Becaufe 
this  earth  is  not  found  in  equal  purity,  even  in  all  the 
ftones  in  which  Stahl  and  Macquer  have  themfelves 
admitted  its  exiftence ;  for  inflance,  let  quartz,  rock* 
cryftal,  and  flints,  be  examined  and  compared,  a.  Be- 
caufe all  the  discriminating  properties  of  earth  are  found 
to  belong  to  many  fubflances  which  differ  from  vitrifi- 
*  able  earths  only  in  pofieffing  thofe  chara&eriftics  in  a 
lefs  eminent  degree.    3.  Becaufe  vitrifiable  card)  h* 
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not  been  hitherto  fhown  to  be,  as  fome  chemifts  think  it, 
the  bafe  of  all  folid  matters,  and  of  all  the  various  kinds 
of  earth. 

We  mud  adopt  the  following  fentiments  with  re- 
gard to  this  matter.  We  obferve  many  fubftances 
in  nature  poflefiing  the  properties  of  earths  ;  among 
which  it  is  impofiible  to  diftinguifh  which  is  the 
moft  fimple,  as  chemifts  find  them  all  to  poflefs  near- 
ly the  fame  degree  of  fimplicity  :  Befides,  though 
one  of  thefe  fhould  be  demonftrated  to  W  more  fim- 
pie  than  the  reft,  it  would  be  farther  neceflkry  to  (how 
that  it  enters  into  their  compofition,  and  conftitutes  the 
principle  of  their  coherence  and  folidity.  Wherefore, 
without  prefuming  to  determine  what  is  properly  ele- 
mentary earth,  we  ought  to  admit  the  exiftence  of  va- 
rious kinds  of  earths,  and  to  ftudy  their  properties,  in 
wrier  that  we  may  recognife  and  diftinguifh  them  when- 
ever chemical  analyfis  offers  any  of  them  to  our  atten- 
tion, combined  or  feparate. 

Chemifts  have  long  allowed  the  exiftence  of  feveral 
rinds  of  earthy  matters  :  but  the  earlier  claffifications  of 
thefe  matters  are  faulty,  becaufe  the  properties  aflumed 
is  chara&eriftics  were  neither  fufficiently  numerous  nor 
uch  as  the  fubftances  were  certainly  known  to  poflefs. 
Such,  for  inftance,  is  the  divifion  of  earths  into  mi- 
lend,  vegetable,  and  animal :  for  though  the  fixed 
efidues  obtained  by  a  la  ft  analyfis  of  organized  mat- 
ers, after  lixiviating  their  aihes,  be  generally  deftitute 
f  tafte  or  fmell,  dry  and  indiflbluble,  yet  thefe  pro- 
perties are  not  fufficient  to  entitle  them  to  a  place  a- 
aong  the  earths,  as  they  poflefs  neither  inalterabili- 
f9  infulibility,  nor  fimplicity.    That  fuhfUnce  which 
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compofes  the  dry,   folid  bafc  of  animal  bones,    and 
which,    from  its  drynefs,  infipidity,    and  infolubiiity, 
had  obtained  the  name  of  earth,  has  been,  within  thefe 
few  years,  difcovered  to  be  a  true  faline  matter ;  as 
we  fhall  fhow  at  large  in  the  chemical  hiftory  of  the 
animal  kingdom.     And  we  may  with  great  probata- 
lity  conje&ure,  that  the  infipid,  infoluble  parts,  which 
remain  after  the  lad  analyfis  of  other  animal  matters, 
are  of  the»  fame  nature.    The  name  metallic  eartbj, 
given  to  the  calces  of  metals  from  their  drynefs,  and 
hccaufe  fome  of  them  are  deftitute  of  fmell  and  inca« 
pable  of  folution,  does  not  properly  belong  to  them ; 
for  they  are  extremely  fufible,  and  are,  every  one  of 
them,  compounds,  as  fhall  be  afterwards  fhown. 

The  mineralogifts  who  have  treated  of  the  hiftory  ef 
earths,  have  formed  a  more  regular  and  accurate  ar- 
rangement of  them  than  chemifts,   who  have  confi- 
dered  this  fubjett  only  in  general,  fo  far  as  it  is  coo- 
ne&ed  with  the  theory  of  chemiftry.     Moll  of  the  mo. 
dern  philofophers  who  have  attempted  a  claffification 
of  thefe  matters,    have  characterized  them  by  their 
chemical  properties,  and  have  by  that  means  throwft 
much  new  light  on  the  natural  hiftory  of  the  mineral 
kingdom.     Wallerius,  Cronftedt,  and  Monnet,   have 
given  complete  fyftems  of  mineralogy  on  this  plain. 
No  chemift  has  made  more  numerous  experiments  on 
earths  and  Hones  than  Pott,  who  has  given  a  methodi- 
cal arrangement  of  thofe  bpdies  according  to  his  own 
obfervations,     The  cohtinual  labours  of  M.  D'Arcet, 
and  the  many  analyfes  of  (tones  made  by  Bergman 
and  Bayen,  likewife  merit  the  higheft  praife.     We  fliall 
UOt  attempt  to  exhibit  and  compote  the  feveral  claffi- 
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■cations  of  thefe  philoibphers  :  our  prefcnt  objeft  i* 
lot  to  detail  the  natural  hiftory  of  earthy  matters,  but 
nerely  to  give  the  refults  of  the  various  refearches 
which  have  been  dire&ed  to  this  purpofe,  with  a  view 
o  fl*ow  how  many  kinds  there  are  of  earth  coofidered 
hemically,  and  what  are  the  charaderiftic  propertfe* 
f  each  kind. 

JSe&re  proceeding  farther,  we  muft  obferve,  that  in 
or  opinion  no  diftin&ion  fhould  be  made  between 
artbs  and  ftones  as  to  claflification ;  becaufe9  when 
re  confider  them  chemically,  their  fubftance  is  the 
une,  and  only  their  aggregation  different.  Grit-ftone, 
ir  inftance,  is  but  (and  agglomerated  by  the  force  of 
ggregation  ;  and  (and  is  nothing  but  grit-ftone,  the 
itegrant  parts  of  which  are  divided,  and  their  aggreg- 
ation broken :  the  fame  chemical  properties  are  com- 
ipn  to  both. 

Poet  has  divided  earths  and  ftones  into  four  clafles ; 
be  verifiable,  the  argillaceous,  the  calcareous,  and  the 
ypfcous.  From  later  difcoveries  it  appears,  that  the 
lbftances  hitherto  known  by  the  name  of  calcareous 
arths,  are  true  neutral  (alts  :  gypleous  ftones  have 
cen  likewife  difcovered  to  be  a  kind  of  faline  fubftance. 
Inly  two,  therefore,  of  Pott's  four  clafles  of  ftones 
dually  belong  to  this  divifion  of  natural  bodies*  Dr 
Hack,  whole  name  will  long  mark  one  of  the  moft 
iluftrious  asras  in  the  annals  of  modern  chemiftry,  by 
mmjning  the  bafe  of  £gfom  fait,  has  difcovered  it  to 
onfift  of  a  peculiar  fubftance,  to  which  he  has  given 
be  name  of  magnefia,  and  clafled  it  among  the  earths. 
knd  his  opinion  has  been  unanimoufly  adopted  by 
hcmijls*    Bergman,  in  analyiing  ponderous  fpar,  has 
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ilifcovered  a  peculiar  earth,  to  which  he  has  given 
the  name  of  terra  ponderofa,  and  which  we  call 
harytes. 

We  think  thefe  two  lad  fubftances  ought  to  be  diftin- 
guifhed  from  earths  properly  fo  called,  for  reafons  to  be 
mentioned  in  the  following  chapters. 

Thus  we  acknowledge  as  true  earths  none  but  fucb 
matters  as  are  abfolutely  iniipid,  infoluble  and  infafi- 
ble ;  and  we  diftinguifti,  by  a  chemical  examination 
what  fubftances  poffefs  thefe  properties.     We  adroit 

only  two  kinds  of  pure  earth,   equally  Ample  and  *• 

qually  elementary. 

The  firft  is  that  which  confticutes  the  bafe  of  rock 

«cryftal,  quarts,  grit-ftone,  flints,  and  of  almoft  all  bard 

-fcintillating  (tones.     Its  chemical  character  is  to  fuffef 

"  »no  alteration  eyer\  from  the  mod  violent  a&ion  of  fire, 

A43)ut  to  retain  its  hardnefs,  tranfparency,  and  all  its  other 

properties,  to  whatever  degree  of  heat  it  be  expofed. 

It  has  been  called  vitri/iable  cartb,  becaufe  it  is  the  oo» 

]y  fpecies  of  earth  capable  of  forming,  in  combination 
'with  alkalies,  tranfparent  glafs.     But  the  name  which 

we  prefer  isJWce9  derived  from  that  of  filiceous  earth, 

which  has  been  likewife  given  it  becaufe  it  is  conftant- 

iy  found  in  Alices. 

tt  The  fecond  kind  of  earth  which  we  confider  as  &&- 
»  pte  and  pure,  is  pure  argillaceous  or  aluminous  earth. 

sThe  following  properties  confiderably  different  from 

thofe  of  the  former  fpecies,  form  its  peculiar  charader. 

However  pure,"  it  is  almoft  always  opaque  j  or  if  it  en- 
ter into  any  tranfparent  ftones,  thefe  are  much  inffr 
~'fior  in  "tranfparency  to  filiceous  ftones.    It  is  alvray* 
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difpofed  in  thin  layers  or  laminae,  one  above  another. 
This  difpofition   correfponds   to   the   cryftalline  form 
which  the  former  fpecies  conftantly  affects.     Though 
it  have  no  ftronger   tafte    than   filiceous   earth,  yet 
it  appears  to  ad  in  fome  manner  on  our  organs  ;  for  it 
adheres  to  the  tongue :  which  property  naturalifts  ex- 
ptefi  by  faying,  that  itjlicks  to  the  tongue.    Its  force  of 
aggregation  is  never  fo  ftrong  as  that  of  the  former 
*arth ;  for  which  reafon  argillaceous  ftones  are  never 
*ery  hard,  but  may  be  broken  by  a  blow  with  a  ham- 
•Jfcer,  without  being  cut  or  ftruck  till  they  gave  fire, 
like  fcintillating  ftones.     The  aggregative  force  of  alu- 
*Xrioous  earth  being  fo  weak,  renders  it  much  more  fuf- 
^eptible  of  combination  than  the  other  kinds ;  and  ac- 
cordingly clays  are  much  fcldomer  found  pure  than 
either  quartz  or  rock- cry  ft  al.     From  this  it  may  be 
tafily  inferred,  why  clays  are  almoft  always  coloured, 
and  why  few  of  them  pofiefs  all  the  properties  of  the 
aluminous  character  in  any  eminent  degree.     Alumi- 
nous earth  fuffers  an  alteration  from  the  a&ion  of  heat, 
to  which  filiceous  earth  is  not  liable.     Inftead  of  re- 
maining, like  the  latter,  unchanged  when  expofed  to 
an  ardent  heat,  it  acquires  an  addition  of  aggregative 
force.    It  even  aflbmes,  in  fuch  circumftanees,  fome  of 
the  properties  of  the  filiceous  earth,  its  hardnefs  and  a- 
verfion  to  combination.  Water  acts  on  aluminous  earth, 
penetrates  into  its  fubftance,  adheres  to  it,  and  renders 
it  foft  and  ductile.     The  rfxiftence  of  this  combination 
appears  from  the  difficulty  with  which  the  adhefion 
between  thefe  twofubftances  isovercome,  a  ftrong  and 
long  continued  heat  being  neceflary  to  eflccl  a  fepara- 
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tion  between  them.  The  properties  which  this  fpecicf 
of  earth  po fiefs  of  compofing  a  pafte  with  water,  and 
becoming  hard  by  the  adion  of  fire,  render  it  a  very 
valuable  material  in  the  arts*  Laftly,  another  proper* 
ty  of  aluminous  earth,  which  diftinguifhes  it  from  the* 
filiceous  £1  ill  more  than  any  of  the  former,  is  its  capa- 
city of  entering  into  combination  with  a  raft  number 
of  other  bodies.  So  fubjedt  is  aluminous  earth  to  the 
affinity  of  competition,  that  we  find  it  a  principle  i? 
many  compounds :  and  for  this  reafon  we  have  enu- 
merated and  defcribed  jts  properties  more  at  large,  in 
order  that  it  may  be  readily  recognifed  when  obtained 
in  analyfes. 

Thefe  are  the  two  kinds  of  earthy  matter  which  ap- 
pear worthy  of  being  confidered  as  diftinS  clafles,  am) 
likewife  ?s  elementary  fubftances,  fince  they  have  not 
hitherto  been  decompofed.  We  are  not  fufficiendjf 
acquainted  with  their  origin,  their  formation  and  their 
chemical  properties,  to  pronounce  as  fome  chemifis 
have  ventured  to  do,  that  one  of  them  is  Ampler  tham 
the  other,  and  that  the  other  is  nothing  but  a  modifi- 
cation of  it.  We  cannot  think  ourfelves  as  yet  author 
rifed  to  advance,  that  the  earth  of  rock-cryftal,  or  fili— 
ceous  earth,  is  the  bafe  of  the  aluminous,  to  conftitut^ 
which  it  only  needs  to  be  attenuated,  divided,  anJ 
wrought  up  in  a  particular  manner;  becaufe  no  chemift 
has  hitherto  accomplished  fuch  a  tranfmutation. 

The  two  earthy  matters,  of  the  properties  of  which 
we  have  here  taken  a  general  view,  are  feldom  found 
pure.  Rock-cryftal  is  the  only  body  with  affords  fi- 
liceous earth  in  this  ftate ;  doubtlefs  becaufe  it  is  ex* 
ceifivcly  hard,  and  poffefles  the  force  of  aggregation  in 

in 
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an  high  degree!    Even  there,  ic  is  often  coloured  by 
the  addition  of  fome  extraneous  fubftance.    In  quartz 
it  is  ftill  oftener  altered  by  combination  with  fome  co- 
boring  matters.     But  aluminous  earth  is  ftill  feldomer 
found  pure.    In  (hort,  almoft  all  the  earths  and  (tones 
'    which  naturalifts  have  diflinguifhed  by  different  names, 
are  compounds  of  one  or  two  fimple  earths,  or  of  faline 
earthy  fubftances,  particularly  of  chalk  and  magnefia, 
tod  fometimes  of  metallic  matters,  of  which  iron  oc- 
ean the  mod  frequently.     To  be  convinced  of  this, 
the  reader  needs  only  to  cad  his  eyes  on  M.  Monnet's 
work,  in  which  he  has  arranged  ftoncs  according  to 
their  conftituent  parts.  That  chemift's  plan  of  arrange- 
Beat  certainly  merits  no  fmall  praife ;  but  while  it  ex- 
hibits to  view  all  the  advantages  which  lithology  can 
derive  from  ch em i dry,  it  at  the  fame  time  ihows  how 
6r  vre  are  from  an  accurate  and  certain  claffification  of 
foncs  according  to  their  chemical  properties.  This  fub- 
Jtti  falls  under  our  difcuffion  in  the  following  chapters* 
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CHAP.     I. 

General  View  of  Mineralogy :  General  T>ivifion  of  ft* 
nerahy  and  particular  Divifion  of  Earths  and  Stones; 
their  various  CbaratteriJUcs. 

ALL  the  bodies  of  the  globe  which  we  inhabit  arc 
■*         the  obje&s  of  natural  hiftory.     So  grand  and 
fublime  is  this  fcience,  when  confidered  with  a  view 
to  its  general  fcope  !  fo  extenfive,  when  traced  through 
all  the  minute  details  into  which  it  enters !     Its  ob- 
servation ranges  from  the  meteorous  phenomena  of 
the  atmofphere  to  the  changes  which  the  matters  de- 
pofited  in  the  ftrata  of  our  earth  undergo.    All  die 
bodies   fcattered  over  its  furface,  feas,  lakes,  riven, 
brooks,  mountains,  hills,  valleys,  plains,  and  cavers^ 
engage  the  attention  of  him  who  cultivates^natun 
dory.    The  inanimate  matter  of  the  gkftt* 
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tnimals  inhabiting  it,  are  equally  the  fubje&s  of  his  cu- 
rious inquiry.  The  eye  of  genius  may  indeed  com- 
prehend the  whole  under  one  grand  and  extenfive 
view :  but  humble  fcrupulous  obfervation  confines  it- 
fclf  to  minute  detail ;  detaches  the  feveral  parts  of  this 
great  whole ;  examines  them  apart  from  one  another; 
and  thus  divides  the  fcience  into  a  number  of  feparate 
branches.  Many  a  man  of  invincible  perfeverance,  has 
fpeot  his  life  in  obfcrving  and  defcribing  the  manners 
and  operations  of  infeds j  and  yet  the  fubjed  is  not  ex- 
haufted. 

The  ftudent  might  therefore  be  deterred  from  the 
findy  of  natural  hiftory  as  too  arduous  and  difgufting  a 
talk ;  but  thofe  who  have  fuccefsfully  profecuted  the 
fcience,  have  endeavoured  to  fmooth  the  difficulties  of 
the  road  to  its  attainment,  by  adopting  means  for  ren- 
dering it  eafier  of  comprehenfion,  and  for  affifting  the 
memory.  Thefe  are  called  methods.  They  confift  in 
arrangements  of  natural  bodies,  according  to  their  pro- 
perties. The  charaderiftics  on  which  fuch  a  claffifica- 
tion  is  founded  ought  to  be  linking  and  invariable. 

One  of  the  mod  diftind  and  important  is  a  divifion 
of  all  natural  bodies  into  three  great  orders,  which  are 
named  kingdoms  ;  the  mineral,  the  vegetable,  and  the 
animal*  Though  the  two  laft  of  thefe  feem  to  pofiefs 
(bme  leading  properties  in  common,  yet  the  difference 
between  them  in  point  of  form  and  exterior  organiza- 
tion is  fufficient  to  make  us  confider  them  as  feparate 
orders. 

Minerals  compofe  the  folid  mafi  of  the  globe,  or  at 
leaft  its  exterior  craft  through  which  the  efforts  of  men 
have  penetrated.    ~  are  in- 
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creafed  only  by  the  juxta-pofition  of  their  parts  and  by 
their  attradive  force.  They  are  liable  to  no  change 
or  variation,  but  fuch  as  are  occafioned  by  the  mutual 
chemical  aftion  of  bodies.  And  for  thefe  reafons  athej 
are  named  rude,  inorganized,  inanimate  bodies. 

Vegetables,  again,  increafe  by  the  operation  of  aft  in- 
terior power :  they  have  organs  to  refine  and  convert 
into  nouiifhment,  the  juices  which  they  derive  from  the 
earth  and  the  atmofphere.  They  fpring  up,  live,  and 
die;  by  a  real  generation,  they  propagate  other  bodiet 
like  themfelves. 

Laftly,  Animals  have  organs  more  complex  than  thofe 
of  vegetables  j  undergo  more  rapid  changes  4  and  ate, 
from  their  fuperior  fenfibility  and  loco-motive  powers, 
much  more  fubjedt  to  the  influence  of  furrounding  be* 
dies. 

The  branch  of  natural  hiftory  which  comprehend 
the  defcription  of  minerals,  is  named  mineralogy.    The 
fir  ft  naturalifts  who  attempted  claffification,  arranged 
minerals  into  a  great  many  clafles.    They  admitted  into 
their  arrangements,  as  fo  many  diftintt  orders  of  mine- 
rals,  water,  earth,  fand,  foft  ftortes,  hard  ftonee,  pre- 
cious ftones,  figured  ftones,  falts,  fulphur,  pyrites,  mi- 
nerals properly  fo  called,  and  metals,  &c.    Concerning 
the  progrefs  that  mineralogy  has  made  fince  the  days  of 
Henckel,  one  of  the  fir  ft  who  wrote  in  a  methodical 
manner  on  this  department  of  natural  hiftory,  till  thfe 
appearance  of  M,  Daubenton,  whole  claffification  is  a 
mafter-piece  of  accuracy  and  precifion,  the  reader  may 
confult  the  fyftems  publiflied  during  that  period?  4f 

which  a  colledion  has  been  made  by  M.  Mods 
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fiior*.  He  traces  the  fuccefiive  improvements  which 
die  fcicnce  has  received  from  the  labours  of  Bromel, 
Cramer,  Henckel,  WolterfdorfF,  Gellert,  Cartheufer, 
Jufti,  Lehman,  Wallerius,  Linnaeus,  Vogel,  Scopoli, 
Kom£  de  Lille,  Cronftedt,  De  Borne,  Monnet,  Berg* 
man,  Sage ;  concluding  with  thofe  of  M.  Daubenton, 
irho  has  accomplilhed  all  that  could  be  wifhed. 

To  make  ourfelves  acquainted  with  minerals,  the  firft 
thing  to  be  done  is,  to  diftinguifh  them  into  fo  many 
dafles  marked,  each  by  fome  leading  and  diftinft  pro- 
perties. We  fhall  accordingly  divide  them  into  three. 
Under  the  firfl,  we  (hall  arrange  thofe  Hones  and  earths 
Which  are  infipid,  infoluble,  and  incombuftible :  under 
the  fecond,  faline  matters,  having  a  ftronger  or  fainter 
tafte,  foluble  in  water,  but  incombuftible :  and,  under 
the  third,  combuftible  fubftances  infoluble  in  water,  and 
affording  either  a  weaker  or  ftronger  flame  when  expo- 
fed  to  the  contaft  of  fire,  and  at  the  fame  time  not  ex- 
cluded from  the  accefs  of  air. 

Moft  of  that  part  of  the  mafs  of  our  globe  with  which 
we  are  acquainted  confifts  of  earths  and  (tones,  which 
by  their  infipidity,  infolubility,  and  incombuftibility, 
are  diftinguifhed  from  falts  and  inflammable  bodies. 
Being  regularly  arranged  in  ftrataor  layers,  they  form 
inotnttains,  hills,  and  plains ;  in  mountains,  they  are  dif- 
pofed  either  in  huge  fhapelefs  mafles,  or  in  inclined  ho- 
rizontal layers ;  in  plains,  they  are  ranged  in  horizontal 
ftrata,  and  covered  with  a  bed  of  vegetative  earth,  pro- 
duced by  the  accumulation  of  the  remains  of  organized 
bodies.  Often,  however,  fuch  large  mafles  appear  un- 
der a  Kgdbr  ctyftallip*  fiwm  in  lubterraneous  cavities 
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or  clefts.  Mod  of  them  appear  to  i  1  Febeen  formed  by 
the  a&ion  of  water;  and  it  is  con  tin  dally  dividing,  at* 
tenuating,  and  tranfporting  them  from  one  place  to  an- 
other, and  caufing  them  to  undergo  many  other  chan* 
ges.  The  natural  hiftory  of  thefe  bodies  conftitutes 
geology  and  litbology;  the  firft  treating  of  earths,  the  fc- 
cond  of  (tones :  But  the  two  fhould  be  united  under  one 
clafs ;  for  all  earths,  excepting  mould  formed  of  the  re- 
fidues  of  putrefied  organized  fubftances,  are  nothing  but 
ftones,  the  aggregation  of  which  is  deftroyed;  and 
Hones  again  are  formed  by  the  union  of  earthy  matters. 

As  there  are  a  vaft  number  of  different  kinds  of 
earths  apd  (tones,  and  a  knowledge  of  them  is  high- 
ly important  in  fcience,  as  well  as   of  great  ufe  in 
the  arts  of  life;  philofophers  have  fought  to  diftinguifh 
them  from  one  another,  and  to  give  certain  directions 
for  recognizing  them  wherever  they  occur.     Ancient 
naturalifts  did  not  think  of  dividing  them  into  diftinft 
claffes  by  their  peculiar  properties ;  they  were  content 
with  defcribing  their  general  qualities,  and  followed 
the  order  cf  their  real  utility  or  fancied  value.     Few  of 
the  ftones,  therefore,  mentioned  by  Pliny  in  his  natu- 
ral hiftory,  can  now  be  found.     Modern  naturalifts,  ob- 
serving the  inconveniencies  which  attend  this  way  of 
defcribing  ftones,  have  adopted  a  different  method,  in 
order  to  eitablilh  more  obvious  and  lading  diftin&ions. 
By  obferving  their  exterior  and  fenfible  properties,  they 
have  arranged  them  into  orders,  genera,  and  fpecies; 
and  have  thus  rendered  the  iluJy  more  eafy  and  ad- 
vantageous. 

Form,  hardnefs,  interior  ftructure,  colour,  and  the 
appearance  they  exhibit  when  broken,  are  the  proper- 
ties 
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ties  which  have  been  aflumed  as  chara&eriftics  of  earths 
tod  (tones*  To  thefe  fome  naturalifts  have  added  fome 
of  their  chemical  properties,  efpecially  the  manner  in 
whi^h  they  are  affe&ed  by  fire,  and  the  alterations 
which  they  fuffer  from  acids.  Let  us  here  examine  each 
of  thefe  properties,  in  order  to  underftand  the  applica- 
tion of  the  general  principles  of  lithology  to  the  parti* 
cularhiftory  of  each  of  the  genera  of  ftjnes. 

5  L  Form  confidercd  as  a  CbatacleriJUc  of  Stones. 

Br  the  form  of  Stones,  we  underftand  the  order  and 
"dative  arrangement  of  their  furfaces.  The  eye,  at 
lie  very  firft  glance  on  a  collection  of  ftones  in  a  cabi* 
let,  perceives  fome  of  them  to  be  of  a  regular  geome* 
rical  figure,  and  others  irregular  mafles ;  and  obferves# 
hat  regularity  of  form  is  in  fome  inftances  accompa- 
lied  with  tranfparency,  in  fome  with  opacity.  Uni* 
>nn  obfervation  has  eftablifhed  it  as  a  certain  fadt, 
bat  fome  fpecies  of  ftones  always  follow  a  particular 
lode  of  cryftallization  ;  while  others  never  appear  but 
1  irregular  fragments.  Several  naturalifts  are  of  opt- 
ion, that  all  ftony  matters  poflefs  the  property  of  af- 
nning  a  cry ftalline  form;  that  fome  indeed  poflefs  it 
1  an  higher  degree,  and  difplay  it  more  invariably  than 
tbers,  but  that  all  have  fome  peculiar  cryftalline  form, 
hich  appears  in  their  minuted  particles.  Such  is  the 
pinion  of  M.  Rome  de  Lille,  who  has  given  a  very  co- 
ious  and  accurate  hiftory  of  the  various  cry ftallizations 
F  mineral  fubftances  *.  That  philofopher  arranges  the 
inns  in  which  ftones  and  all  other  mineral  bodies  ap- 
Vol.  L  N  pear, 
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pear,  under  the  three  denominations  of  determinate, 
indeterminate,  and  confufed  cryftallization j  and  (hows 
that  there  is  no  mineral  fubftance  but  appears  in  one  or 
other  of  thefe  dates.  But  the  truth  is,  fo  many  of  them 
afFeft  the  fecond  mode  of  cryftallization,  and  the  third 
which  is  irregular  and  difficult  to  be  diftinguifbed,  that 
we  cannot  gain  a  fufficient  knowledge  of  the  cry ftallinc 
form  of  ftones,  to  authorize  us  to  aflume  this  as  one  of 
their  determinate  chara&eriftics.  Yet  a  number  of 
mineralogifts  have  formed  general  fyflcms  of  lithology 
and  mineralogy  on  the  principle  of.  the  regularity  of 
the  form  of  ftones  and  minerals.  Linnaeus  was  the  firft 
that  adopted  this  plan  of  claffification ;  and  though  he 
has  not  entirely  accomplifhed  what  he  propofed  in  in- 
troducing it,  he  at  lead  dire&ed  the  attention  of  fuc- 
ceeding  naturalifts  to  this  property  of  ftones,  and  o- 
pened  the  way  that  has  led  to  all  the  difcoveries  which 
have  fince  been  made  on  this  fubjeft. 

Such  is  the  ftate  of  the  prefent  opinions  concerning 
the  connection  between  cryftallography  and  the  ftudy 
of  ftones  and  minerals.  It  explains  the  formation,  and 
fometimes  the  nature  of  thefa  fubftances ;  and  often 
helps  us  to  recognize  and  diftinguifh  them  from  one 
another :  but  it  is  not  adequate  to  form  the  bafis  of  I 
complete  fyftem  of  mineralogy  ;  it  is  only  one  of  the 
means  to  be  employed  in  a  clarification  of  minerals. 
That  eminent  philofopher  M.  Rom6  de  Lille,  to  whole 
labours  we  are  indebted  for  fo  much  of  our  knowledge 
concerning  the  peculiar  forms  of  minerals,  has  not 
founded  his  divifions  of  thefe  bodies  on  their  cryftal- 
lization alone ;  inftead  of  making  this  form  the  great 
principle  of  his  claffification,  he  has  only  examined  and 

defcribed 
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[bed  the  forms  of  mineral  fubftances,  clafled  ac- 
og  as  their  nature  is  faline,  ftony,  or  metallic,  and 
ding  to  the  various  combinations  into  which  they 
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ire  are  a  great  many  varieties  of  the  aggrega* 
>f  the  component  particles  of  ftones,  of  which  li- 
pids have  happily  availed  themfelves  to  diftin- 
them  from  one  another.  Some  have  fuch  ftrength 
[gregation,  and  fuch  a  degree  of  hardnefs,  that 
yield  not  even  to  the  bed  tempered  fteel*  fuch  as 

or  precious  ftones.  Others  yield,  and  may  be 
rith  inftruments,  but  not  without  difficulty,  fuch 
artz,   flints,   hard  grit- (tone,   porphyry,  and  gra- 

Aliof  thefe  ftones  when  ft  ruck  fmartly  againft  a 
blade  produce  a  great  many  fparks ;  which  pro- 
has  gained  them  the  name  of  fsintillatlng  or  ignef 
Hones.  Thofe  fparks  are  minute  pieces  broken  off 
the  fteel  by  its  collifion  with  th*  ftones,  and  kind* 
)y  the  heat  which  that  collilion  produces :  that 
is  even  fo  intenfe,  that  the  particles  (truck  off  from 
teel  are  melted;  and  if  they  be  collected  on  a 
of  white  paper,  and  viewed  through  a  magnifier, 
will  appear  a  parcef  of  half-calcined%  half-vitrified 
i9  like  the  drofs  of  furies.  As  the  ftones  which 
1  this  manner  on  fteel  are  not  all  of  -the  fame  den- 
but  vary  from  the  hardnefs  of  gems  and  rock* 
d  to  the  foftnefs  of  fand-ftones  and  vitrifiable  brec- 
ccently  formed,  they  mufl  afford  a  greater  or  a 
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fmaller  quantity  of  fparks,  according  to  their  refpe&ve 
grees  of  hardnefs. 

There  are  a  great  many  other  (tones,  the  aggregative 
force  of  which  is  much  lefs  confiderable,  and  which 
are  fo  foft  that  they  may  be  eafily  cut  with  fteel  inftru- 
ments.  Some  of  them,  fuch  as  marble  and  alabafter, 
are  fufceptible  of  a  fine  uniform  polilh.  The  reft,  and 
among  thefe  almoft  all  argillaceous  (tones,  admit  only 
of  an  imperfect  polifh,  and  always  retain  a  dull,  grea- 
fy  appearance.  We  can  at  any  time  judge  of  the  hard- 
nefs of  thofe  which  poflefs  this  property  in  fo  moderate 
a  degree,  and  of  the  polifli  of  which  they  are  fufcepti- 
ble, by  wetting  their  furface.  This  fimple  procefs  com- 
municates to  them  a  momentary  polifli,  which  difap- 
pears  in  proportion  as  the  moifture  evaporates. 

It  is  to  be  obferved,  that  many  other  (tones  befide 
the  clafs  of  ignefcents  produce  a  real  fcintillation  when 
(truck  againft  fteel ;  the  reafon  of  which  is,  that  foch 
(tones  are  mixtures,  containing  fome  ignefcent  parti. 
Thus,  fome  kinds  of  marble,  and  many  calcareous 
breccias,  fcintillate  when  (truck  againft  fteel ;  becaufc 
they  contain  quartzofe  or  flinty  particles,  intermixed 
with  the  calcareous  matter  of  which  they  are  moftlj 
compofed. 

The  gravity  of  (tones  is  neceflarily  proportioned  to 
their  denfity.  Some  naturalifts  have  confidered  this 
property  as  of  great  importance  in  a  claffification of 
(tony  matters.  M.  de  Bulfon  confiders  fpecific  gravity 
as  one  of  the  belt  means  to  enable  us  to  diftioguift 
their  particular  charadter.  But  fuch  nice  and  accural* 
experiments  are  neceflary  to  determine  the  relative  gra- 
vijies  of  Hones,  that  this  property  cannot  very  well  be 
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JKimed  as  the  bafis  of  a  lithologic  method  ;  as  plain- 
lefi  and  fimplicity  are  highly  requifite  in  the  elements 
£  this  branch  of  natural  hiftory. 

\  IIL  Of  the  Fracture,  Confidered  as  a  Cbaradterijlic  of 

Stones. 

All  (tones  when  broken  difplay  a  certain  arrange- 
nent  of  their  integrant  parts,  an  interior  contexture 
ffld  difpofition  of  their  particles :  but  this,  fo  far  from 
rang  uniformly  the  fame,  is  infinitely  diverfified 
brough  the  various  clafies  of  flony  fubftances.  To 
hk  appearance  which  Hones  prefent  when  broken,  li- 
hologifts  have  given  the  name  offrafture.  By  obfer- 
QDg  it,  we  may  learn  fome  particulars  which  will  be 
£  life  to  help  us  to  diftinguifh  their  peculiar  characters* 
from  a  compaf  ifon  of  fuch  obfervations  as  have  been 
oade  on  the  interior  (trudture  of  (tones,  it  appears 
hat  the  feveral  forts  of  fradure  which  they  afford  may 
ic  reduced  under  certain  heads*  Some,  like  glafs,  give 
inootb  poliflied  furfaces  of  a  curved  figure.  This  is  de- 
lominated  the  vitreous  fra&ure  ;  it  appears  very  dif* 
in&ly  in  rock-cryftal,  quartz*  &c. 

Others  again  difplay  furfaces,  which  are  uniformly 
tnooth,  but  in  their  figure  alternately  convex  and  con- 
ave.  The  pieces  may  be  neatly  re-united.  This  is 
ailed  the  concboidalfraSture.  The  correfponding  con- 
exity  and  concavity  are  of  various  forms  and  fizes, 
ride,  narrow,  round,  oblong,  deep,  (hallow,  &c. ; 
%  in  feveral  kinds  of  flint,  jafper,  agate,  and  petrofilex. 

There  is  another  kind  of  (tones,  which  when  broken 
exhibit  on  their  new  furfaces  an  aflemblage  of  round 
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projecting  points,  fimilar  to  grains  of  fand  worn  by  wa- 
ter :  this  is  called  the  granulated  fradiure,  and  is  very 
obfervable  in  fand-ftone.  The  fize  and  other  varieties 
of  the  granulation  conftitute  a  number  of  diftin&ionsa- 
mong  the  (tones  of  this  fpecies,  ferving  to  diverfifiy 
their  characters.  It  is  of  this  fpecies  we  fpeak  whea 
we  fay  fine  or  coarfe  grained  (tones. 

Laftly,  There  are  many  (tones,  the  fradture  of  which 
fhovvs  them  to  con  fill:  of  fmoolh  equal  laminae,  difpofed 
one  over  another.  Mod  of  thefe  are  (tones  which  bear 
the  name  of  fpars  ;  and  this  is  therefore  denominated 
the  fparry  fratture.  Thefe  laminae  differ  from  one  ano- 
ther in  extent,  magnitude,  thicknefs,  tranfparency,  and 
pofition  with  regard  to  the  axis  of  the  cryftallizedftone; 

4 

for  all  the  brilliant  (tones  of  this  fra&ure  exhibit  a  ml 
cryftallization.  Such  as  are  dark  and  without  luftrc, 
are  only  faid  to  be  lamellated,  not  fparry.  The  difpofi- 
tion  of  the  lamir,»,  fo  much  diferfified  in  gems,  and 
calcareous,  vitreous,  and  ponderous  fpars,  is  what  oc- 
cafions  the  brilliancy  of  talc,  and  the  feveral  kinds  of 
feldt-fpar,  fuch  as  cat's  eye,  the  avanturine,  the  labia* 
dore  (tone,  &c. 

Some  writers  on  this  fubjedt  have  arranged  Hones  ac- 
cording to  their  fra&ure,  confidered  in  conjunction 
with  their  general  form.  In  the  year  1755,  Cartheufa 
publiftied  a  fyftem  of  mineralogy,  in  which  he  diltio- 
guiflies  (tones  into  lamellated,  fibrous,  folid,  and  granu- 
lated. But  fradture  alone  is  infufficient  for  the  princi- 
ple of  a  clarification  of  (tones ;  it  mult  be  taken  toge- 
ther  with  the  other  chardteriftics  which  are  examined 
in  this  chapter  *. 

5  iv. 

*  See  V Inlrodu8)on  a  la  $(iagra£lJb  fo  Berg*s»>  ^ar  KL  Map 
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\  IV.     Colour  confidered  as  a  Cbarafteriflic  of  Stones. 

That  diverfity  of  colours  which  we  obfervc  in  (tones, 
s  occafioned  by  the  various  combuftible  or  metallic 
"ubftances  which  enter  into  their  compofition.  Some* 
imes  the  whole  Hone  is  of  the  fame  colour,  and  fome- 
imes  variegated.  The  colouring  part  of  (tones  is  ge- 
nerally an  accidental  property  of  their  nature ;  the  pre- 
tence of  which  is  not  abfolutely  necefTtry,  and  which 
is  liable  to  great  varieties.  There  are  indeed  fome  kinds 
>f  (tones  which  are  pretty  uniformly  coloured,  fiich  as 
aryftallized  gems,  fchorls,  and  tourmalines;  and  in 
thefe  the  colour  may  be  affumed  as  a  charaderidic. 
But  as  there  are  other  fpecies,  and  more  efpecially  va- 
rieties, of  which  it  cannot  be  confidered  as  a  diitinguifh- 
iog  property,  lithologifts  therefore  do  not  refer  to  it  as 
1  principle  of  claffification. 

Where  colour  may  be  confidered  as  a  charaderiftic 
property,  we  muft  diftinguifb  between  fuch  (tones  as 
ire  all  of  one  colour,  and  uniformly  opaque,  or  uni- 
formly tranfparent,  and  fuch  as  are  variegated  with 
pecks  or  veins ;  we  muft  likewife  take  notice  of  the 
lumber  of  the  colours  which  appear  in  any  mafs  of 
lone ;  as  in  marble,  for  inftance,  there  are  fometimes 
k>  fewer  than  fix  or  (even.  According  to  the  number 
ind  the  difpofition  of  the  colours  in  thofe  bodies,  they 
ire  diftinguifhed  into  (tones  of  one,  two,  three,  or  four 
flours,  variegated,  fpotted,  veined,  punctuated,  cloud- 
ed, flowered,  figured,  herborifed,  &c. 

N  4  S  *•. 


3co   Alteration  by  fire,  a  Cbara&eri/lic  of  Stones. 

5  V.  Alteration  produced  by  Fire,  conftdered  as  a  Cba* 

ratterijlic  of  Stones. 

Several  mineralogills,  not  content  with  obferving 
the  exterior  and  more  obfervable  qualities  of  (tones, 
have  extended  their  inquiries  to  their  chemical  proper- 
ties, with  a  view  to  affume  thefe  as  grounds  of  diftinc* 
tion.    The  particular  alteration  which  any  (tone  fuffen 
from  the  a&ion  of  fire,  is  confidered  by  many  litholo 
gifts  as  an  excellent  mean  for  enabling  us  to  afcertain 
its  peculiar  nature.     They  have  obferved,  that  fire  dc 
prives  fome  (tones,  fuch  as  quartz,  of  their  tranfparen- 
cy  and  hardnefs,  without  changing  their  nature  or  al- 
tering their  effential  properties :  others  again,  fuch  as 
rock-cryftal,  have  been  found  to  lofe  not  even  their 
denfity  and  tranfparency  when  expofed  to  the  a#k>U 
of  heat :  and  others  have  been  found  fufible  and  tranf- 
mutable  into  glafs  of  various  colours ;  of  which  kind  ait 
fch oris,   zeolites,   afbeftos,    amianthus,    and   granites: 
laftly,  there  are  (till  many  others,  fuch  as.  calcareous 
itones,  which  fire  deprives  of  part  of  their  weight,  de- 
flroying  their  confiftency,  and  rendering  them  foluble 
in  water,  without  melting  them.     Other  experiments, 
managed  with  more  careful  attention,  have  fhown,  that 
fome  (tones  lofe  their  colour  by  fire,  and  that  to  fome 
it  communicates  a  deeper  (hade.  Such  in  general  is  the 
refult  of  the  experiments  of  Mefirs  Pott,  D'Arcet^  an4 
many  other  chemifts. 

To  complete  the  natural  hiftory  of  (tones,  it  is  necef- 
fary  to  take  notice  of  thefe  alterations,  and  to  maA 
their  differences.    It  appears  in  general,  that  fiippfe 
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ones  are  liable  to  the  lead  alteration  of  their  proper- 
es  by  fire :  and  that  in  proportion  as  a  ftone  is  more 
r  led  compound,  it  is  more  or  lefs  fubjeft  to  fuch  an 
Iteration.  But  ftill  the  obfervation  of  thefe  alterations 
uinot  be  of  much  benefit  to  lithologifts,  as  the  expe- 
ments  necefiary  to  difcover  them  are  tedious  and  diffi- 
ult ;  whereas  the  properties  afiumed  as  chara&eriftics 
i  a  claffification  of  (tones,  (hould  be  fuch  as  are  obvious 
>  the  eye,  or  at  lead  may  be  difcovered  by  a  fimple 
cpeditknis  procefs. 

Sometimes,  indeed,  when  we  cannot  determine  the 
lature  of  a  ftone  by  obferving  its  external  properties, 
re  may  have  recourfe  to  the  alteration  which  it  fufiers 
ram  the  adion  of  fire,  by  means  of  the  blow-pipe,  an 
ogenious  contrivance  of  Bergman's.  Yet  notwith- 
tanding  the  ingenious  fimplicity  of  this  invention,  the 
receflary  apparatus  is  fo  incommodious,  that  it  can 
carce  be  rendered  portable,  fo  as  to  be  ufed  in  a  litho- 
ogic  excursion,  but  muft  remain  confined  to  thjjjabc- 
ttory*. 


\  VI.  Tbe  Adion  of  Acids  confidcredas  a  Cbar 

of  Stones. 

Acids  are  the  folvents  ofteneft  ufed  in  chemiftry. 

Though 

•  See  Bergman  on  the  blow-pipe,  at  the  end  of  his  Chemical  Ef- 
lys,  tTanflated  into  Englifhby  Dr  E.  Cullen.     London  1784. 

All  the  apparatus  neceflary  is  a  blow-pipe,  a  piece  of  charcoal,  a 
■all  fiber  fpooo,  and  three  fmail  phials  containing  foda,  fufiblc  fait, 
ad  borax  ;  and  the  procefs  may  be  performed  in  any  place  where  a 
aodle  can  be  fcehercd  from  the  wind.  Complete  apparatus  for  the 
orpbfc,  in  a  box  no  laTger  than  a  book  in  twetat,  tttUAiX  Wl&x 
Ifpwrf*  book&Uer,  oar  the  Strand#  * 
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Though  we  have  not  yet  treated  of  thefe  falts,  yet 
we  mull  here  fay  a  few  words  of  the  phenomena  which 
flones  exhibit  when  brought  into  con  tad  with  them. 
The  greater  part  fufFer  no  alteration  from  acid  falts; 
but  fomedifplay  a  very  obfervabl^  motion,  and  an  a* 
gitation  fomewhat  like  a  flight  ebullition,  if  a  drop  of 
the  nitric  acid  be  caufed  to  fall  through  a  glafs-tube  on 
their  furface.     This  phenomena  bears  the  name  of  tf- 
fervefcence.  It  is  owing  to  an  aeriform  fubftance,  which 
being  difengaged  from  the  ftone  by  the  adion  of  the 
acid,  rifes  through  the  acid  in  a  number  of  fmall  bub- 
bles. That  elaftic  fluid  is  itfelf  a  peculiar  acid,  difenga. 
ged  by  the  more  adive  acid  poured  on  the  ftone,  and 
is  the  produd  of  an  adual  decompofition.     All  calca- 
reous flones  exhibit  this  efFervefcence  when  brought 
into  contact  with  acids :  the  nitric  acid  produces  the 
mod  powerful  effeds,  and  is  mod  commonly  employed 
on  fuch  occafions.     The  difengagement  of  an  aeriform 
acid  is  a  proof  that  the  matter  from  which  it  iflues  is  a 
faline  combination :  But  as  this  combination  is  infoluble, 
and  without  any  difcernible  tafte,  and  as  it  compofes 
mod  of  the  exterior  layers  of  the  globe  of  the  earth,  na- 
turalifts  always  confider  it  as  a  flony  fubftance. 

Stones  may  therefore  be  divided  into  effervefcent 
and  non-effervefcent.  And  a  fmall  phial  full  of  nitric 
acid  becomes  of  confequence  a  neceflary  article  in  ex- 
curfions  to  examine  and  colled  ftones.  This,  together 
with  the  magnifier  and  the  fteel,  are  all  the  inftruments 
which  the  lithologift  needs  to  carry  with  him  on  fuch 
an  expedition. 

Since  Bergman  recommended  the  examination  of 
Hones  by  fire  with  the  \Aw?-^V^  \tvey  are  alfo  aflayed 
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with  foda,  borax,  and  fufible  fait,  which  a&  varioufly 
upon  them  according  to  the  differences  of  their  nature, 
but  generally  produce  fufion  in  feme  degree,  together 
with  other  phenomena.  We  fhall  explain  this  method 
of  analyfing  (tones  more  particularly  in  the  chapter 
in  which  we  treat  of  all  the  methods*  of  effecting  that 
analyfis. 


CHAP, 


C  H  A  P.      II. 

The  Litbohgic  Method  of  M.  Daubenton,  extracted  from 

bis  Tableau  de  Mineralogie. 

"INTONE  of  aH  the  mineralogifts  who  have  attempted 
"**  a  methodical  arrangement  of  ftones,  has  given  a 
more  accurate  or  perfpicuous  claffification  than  M. 
Daubenton.  The  ingenuity  with  which  this  naturalift, 
fo  defervedly  celebrated,  has  contrafted  the  character- 
iftics  of  thofe  fubftances,  renders  his  method  more  ac- 
curate and  ufeful  than  any  before  propofed.  The 
properties  which  he  has  aiTumed  as  charadteriftics  are 
all  invariable  and  obvious.  They  are  chiefly  regula- 
rity or  irregularity  of  form ;  the  various  degrees  of 
tranfpafency  and  opacity;  confiftency  or  hardnefs; 
the  polifh  of  which  Hones  are  fufceptible ;  the  form  or 
refpeftive  arrangement  of  the  integrant  parts,  which  oc- 
cafions  the  vitreous,  conchoidal,  granulated,  lamellat- 
ed,  and  fpathofe  fra&ures ;  colours,  in  thofe  inftances 
in  which  they  are  not  accidental ;  a  dufky,  brilliant,  or 
mildly  lucid  furface.  As  it  would  be  impoffible  to  im- 
prove upon  the  perfpicuity  and  accuracy  of  M.  Dau- 
benton's  fy  Item,  all  that  wc  (hall  here  do,  is,  to  lay  be- 
fore our  readers  his  divifion  of  earths  and  Hones,  as  he 
has  exhibited  it  in  his  Tableau  Metbodiquede  Miner aux*. 

FIRST 

*   Tableau  Methodique  des  Mincraux,  fuivant  leurs  different!*  natura% 
et  avec  des  cbaraSeres  difiinclifs,  apparent  ou  facile*  d  reconnoitres  parM. 
Daubenton,  itfe.  Paris,  chcz  Demoiwiki  Pierru,  De6ure*  Didst  Pahdi 
tzfe.  in-8.  dejfi  pages. 
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FIRST    ORDER 


of     MINERALS. 


SANDS,  EARTHS,  and  STONES  *. 

Tbefe  Subjiances  melt  not  in  Water  like  Salts,  burn 
not  like  Combujlible  Bodies,  nor  dijplay  the  lujlre  o/Me- 
tallic  Matters, 

CLASS    FIRST. 

Stones  which  give  Fire  with  Steel 

Genus  I-    Quartz. 
Cryfialline  Sub/lance  9  Fracture  vitreous,  not  lamella  ted. 

Species  I.  Opaque,  or  fcmi-tranfparent  Quartz* 

1.  greafy. 

2.  grained. 
Varieties,     i    3-  la&eous. 


4.  foliated. 

5.  cryilallized. 


Species  II. 


•  Here  we  give  only  part  of  M.  Daubenton's  table  ;  but  in  the  hi- 
ftory  of  faltsand  combuftible  bodies,  his  divifion  of  thefe  matters  (hill 
be  introduced.     Ai  we  follow  that  table  fo  faithfully  at  to  copy  even 


* 
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Species  II.    Tranfparent  Quartz,  Rock  Crystal, 

Two  pyramids  of  Jix  fides,  with  or  without  afixjidcd 
pri/m  between  them. 


Varieties. 


X.  cryftallized. 

2.  rough. 

3.  white. 

4.  red.    BOHEMIAN  RUBY. 

5.  yellow,  OCCIDENTALS 
PAZ. 

-     6.  ruddy,  or blackilh.  SMOMX 
TOPAZ. 

7.  green 

8.  blue.  WATER  SAPPHIRE. 

9.  violet.    AMETHYST. 
Jio.  iridefcent. 

Species  HI. 


«< 


€1 


the  characters  in  which  the  fcveral  parts  of  it  are  printed,  we  (hall  here 
fubjoin  the  beginning  of  the  Author's  prefatory  account  of  it. 

"  Since  the  year  1779,  this  table  has  been  exhibited  in  manufcripti 
"  in  the  Hall  of  the  Royal  College,  during  the  courfe  of  my  ledum, 
and  many  copies  of  it  have  been  taken.     I  have  made  repeated  al- 
terations, according  as  I  received  from  others,  or  acquired  by  my 
"  own  obfervation,  new  information  refpe&ing  mineralogy.     I  have 
"  even  given  up  for  a  time  my  defign  of  exhibiting  on  my  table  the 
"  refults  of  a  chemical  analyus  of  the  different  minerals  it  contains  as 
"  I  had  begun  to  do,  becaufe  there  have  not  yet  been  a  fufficient  num- 
ber analysed.    My  chief  object  in  drawing  out  this  table  was  to  fa- 
cilitate the  flu  Jy  of  mineralogy.     The  bed  means  for  diffufmg  the 
"  knowledge  of  the  fciences  is  to  fimplify  their  elements :  Methodical 
arrangements  contribute  to  this  end.     For  though  it  be  irapoffible 
to  include  all  the  properties  of  natural  bodies,  in  any  claflificatton  of 
them,  yet  fuch  a  clafiification  is  ufeful,  convenient,  nay  even  nc- 

••  ccflary. 
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'/  III.    Quartz  in  agglutinated  fragments,  Grit- 
ftone,  or  Siliceous  Grit, 

granulated  fraEturc. 


1.  hard  grit-ftone 

2.  friable 

3.  Levant  grit-Hone,     Very  fine 
grain 

4.  filtering  ftone.     Porous 

5.  glittering 

6.  veined 

7.  difplaying  figures  of  plants 

8.  coarfe  grained. 


Varieties. 


w  IV.    Quartz  in  feparate  grains,  Sand, 

vitreous  furface. 


Species 


In  the  firft  yolume  of  my  Lectures  on  Nitural  Hiftory, 
the  prefs,  I  (hall  give  a  particular  explanation  of  my  table, 
h  both  the  advantages  and  defe&s  of  my  arrangement  of   > 
1  will  be  pointed  out.     Here  1  (hall  only  obfenrev  that  mine- 
in  this  table  diftributed  into  ordess,  claflcs,  fpecics,  and  ra- 

The  diftin&ive  chara&eri&ics  of  each  article  are  printed  in 
hara&ers. 

dames  in  Roman  capitals  are  thofe  which  I  think  moft  fuit- 
the  things  which  they  are  nfed  to  denote :  Thofe  in  Italic 
are  fynonyma ;  the  ufe  of  which  is  attended  with  inconre- 
,  and  which  are  inferted  only  that  the  knowledge  of  the  roat- 
ich  they  denote  may  be  the  caficr  acquired**"  F. 
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Species  V.    Quartz  in  concrete  Mafles, 

Sandy  and  quartzofe  Breccias,  or  Podding  Stones* 


Genus  IT.    Semi-tranfparent  (tones, 
vitreous  fracture,  fometimes  conchoidal. 

Species  I.    Agates, 

of  all  colours,  except  milk  white,  fine  red,  orange 
and  green. 


1.  clouded 

2.  pun&uated 

3.  fpotted 

4.  veined 

5.  onyx 

6.  irifed 

7.  prefenting     the     figures    of 
herbs 

8.  exhibiting  the  appearance  of 
mofs. 


Varieties. 


Species  II.    Chalcedonies, 

lafteous  tranjparettcy. 


Varieties. 


1.  reddifh 

2.  bluifli 

3.  veined 

4.  onyx 

5.  iridefcent.     OfAtS 

<     6.  round  and  folid.     GlftASOtS 

7.  round  and  hollow,      KOTtf* 

DRALS 

8.  in  ftala&ites 

9.  in  fediment 
10.  hydrophaaes* 


1 


'/  m.  Camelians, 

beautiful:  red. 


fi.  pale 
2.  pun&ua 
3.  onyx 
4.  exhibitii 


1.  pale 
pun&uated 
Varieties, 

4.  exhibiting  figures  of  herb* 
I  5.  in  ftalafiites. 


•/  IV.  Sardonyx, 


orange  colour. 

f  i.  pale 
2.  veined 


onyx 

prefenting  figures  of  herbs 

blackifh. 


/  V.  Flints. 


g ray,  white,  reddijh,  blackijb. 

Varieties,     f1'  ™* tntadci 
1 2.  in  layers. 

/  W.  The  Prafeum, 

green. 


green 
Varieties.     «?  2.  clouded 


P. 
rieties.     -J  2. 

C  3. 


3.  fpotted. 

/  VII.  Jade. 

greafy  poli/b. 

I.  whitifli 

Varieties    i  a*  o£?e  coloured 


Species  Fill.    Pctrofilex, 

tranjparency  of  wax,  concboidalfraSture. 

l.  white 


f  I.  white 
Varieties.     -J  2.  reddiih 
L  2.  veined. 


Genus  III.     Opaque  Stones, 
vitreous  frafture,fomctime$  concboidal  or  dujkf. 
Species  I.  Miln  Stone, 

more  or  lefs  porous. 


Tr    .    .  fi.  porous 

Varieties.      \  ^  K    c         e  it 

\  2.  denfe,  or  full. 


Species  1L  Pebbles, 


concentric  layers \ 


Varieties.     « 


1.  fpotted 

2.  veined 

3.  onyx 

4.  oculiform 

5.  exhibiting  figures  of  herbs 

6.  concreted  into  breccias,  r* 

DING  STONES. 


Species  III.  Jafper,     * 

vitreous   fra£lurct    often  dujky%  without  concert1 
layers. 


T7      •      •  C  *"I 

Varieties,     -l  2.  red 
I  3. 


1.  green 

2.  red 

3.  yellow 


4.  to* 
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Varieties.     « 


'  4- 

5- 
6. 

7- 
8. 

9- 

10. 

11. 
12. 

14. 
x5- 


brown 

violet 

black 

gfC7 
white 

clouded 

fpotted 

reined 

onyx 

flowered 

univerfal 

fragments  united  in  breccia* 


is  IV.  Scintillating  Spar.  Feld~S?at#< 
Feld-Spath,  regularly  cryftallized. 


Varieties.    < 


r  1.  in  oblique  (angled)  prifms,  of 
four  fides 

2.  in  fix-fided  prifms,  with  fum- 
mits  of  two  planes 

3.  in  ten-fided  prifms,  with  fum* 
mits  of  four  facets. 


Feld-Spath  in  confufed  cryftals. 


Varieties.     « 


i.  white  * 

2.  pearl-grey,     fish's  eye 

3*  rcd 

4.  red,  with  brilliant  fpangles. 

NATUXAI*  AVANTUJUXE 

5.  green 

6.  blue 

7.  violet 

8.  with  green  and  4>lue  ftripes. 
LABRADO&E  STONE 

9.  with  ftripes  of  various  colours, 
cat's  eye. 


O  2 


Genua 


C  *12  ] 


Genus  V.    Cryftal  Gems, 

tranjparent  and  lamellate^  not  cfeftrifiable  by  b 
lone  without  friftion. 


Species  I.  Red, 


Varieties. 


f  i.  Garnets 

cry/lallized  with  1 2,  li 
facets.     Tthere  are  < 
low>  and  brown,  ts 
nets 
2.  The  balafs-ruby, 
I       rofc-colour,  otlahedral  t 


Species  II.  Red  and  orange, 


Varieties* 


j.  Spinell  ruby, 

fre-c§loured,    cryftallh 
the  balafs-ruby 

4.  Vermilion, 

\        cryftallized  like  the  gan 

5.  Hyacinthe-la-belle, 
cryftallized  under  4  hi 

fides  with  fummitS) 
4  rbomboidal facets. 


Species  III  Orange-coloured, 


Variety. 


6.  Hyacinths, 

cryftallized  like  the  by 
la-belle 


Species  IT.  Yellow, 


Varieties.    4 


"  7.  Oriental  topaz, 

cryftallized  in  2  pyrami 
facets 
8.  Saxon  topaz, 

cryftallized  in  prifms 
fidesy  with  fummits 
facets* 


L 


1 
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Species  V.  Yellow  and  green. 


9.  Peridots,  CHRrSOLITES. 

Variety,  cryflaUized  in  prifms  of  6fides$ 

iv itb  pyramid*  of  6  faces. 


Species  VI.  Green, 


v   .  10.  Peruvian  emerald, 

V  ancly*  cryffal/ized  in  6fded prifmsi 


Species  VII.  Green  and  blue. 


n.  Aqua*marina, 
Variety.  cryjlallized  Hie  the  Saxon  /#* 

paz. 


Species  VIII.  Blue. 


12.  Oriental  fapphire, 
Variety.  cryflaUized  like  the  oriental  to* 

pax. 


Species  IX.  Indigo. 


13.  Indigo  fapphire, 
'Variety.  cryflaUized  like  the  oriental  to* 

paz  andfaphire. 


*P*fies  X.  Red  and  violet  #. 

f  14.  Syrian  garnet, 
I  cryflaUized  Hie  the  garnet 

Varieties.     \    15.  Oriental  ruby, 

I  cryflaUized  like  the  oriental  to* 

paz  and  fapphire. 

O/3  Genus 

Gems  Lrxncd  without  colouring  matter  arc  white*    Note  by  Ms 
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Genus  VI.    Tourmalins,  Cryftal  Gems, 

iompofed  of  tamirut  perpendicular  to  the  axis  of  the  crj 
fiat*   and  elettrifiable  by  beat  alone  without  frii 
Hon. 

f  i.  Brafilian  ruby, 

j         red,  in  four-ftded  prifmstw 

Varieties       J        '    pyramids  of  four  facets 
varieties,     s  2.  Brafilian  topaz, 

I        yellow,    cryjlallized    like  • 
^  Brazilian  ruhy. 


Genus  VII.    Tourmalinsf 

eleftrifiable  by  beat  alone  without  fri£tion%  lamina 
perpendicular  to  the  axis  of  the  cryftal. 

f  i.  Tourmalins  of  Ceylon, 
t  r an f parent,  orange-colourea\ 
ry  little  channelled  on  the 
face 

2.  Spanifh  tourmalins, 
tranfparent  in  a  Jlrong  I 

orange  coloured,   very  i 
channeled 

3.  Tourmalins  of  Tyrol, 

Varieties.   1     *  Mures  traverfini  tb<  firij 

4.  I  ourmalins  of  Madags 

SHORLS     OF       MADAGA! 

opaque,  black 
i    5.  Lenticular  tourmalins 

6.  Peridots  of  Ceylon, 
yellow  and  green,  very 

channelled 

7.  Peridots  of  Brafil, 
yellow  and  greeny   very 

I,  channelled 


8. 
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8.  Brafiltan  emerald, 

9.  BraGlUn  (apphire, 
blut*. 


Genus  VIII.     Schorls, 

ele&rifiable  by  beat  without  fri£tion%  opaque  cryjlals, 
or  long  green  Jemi-tranfparent  needles. 

'pedes  L  Cryftallized  Schorls, 

i.  in  oblique  prifms,  with  four 

fides 
2.  in  fix-tided  prifms  . 

Pierre  de  croix 
Varieties.     ^   3.  in  fix-fided  prifms,  with  fttm- 

mits  of  2  facets,  or  pyramids 

of  3  or  4  facets 
4,  in  prifms  of  8    fides,  with 

fummits  of  2  facets. 

pedes  tl.  In  articulated  fragments. 


(I.  fpat 
2.  in  s 
_  a         •  • 


I.  fpathofe  fchorl, 
JlruUtd  ninth  fparry  ftripes 
Varieties.     \  2.  in  mafies.    Schorl  paste 

IbrillUnt  points  in   tbt  frac* 
ture.  * 


Genus  IX.    Azure  Stone, 
opaque  and  blue. 

Varieties.     [  ^  PJ2,Ub  b,ue 

,  O4  CLASS 

AD  thefe  tourmalins,  excepting  the  lenticular,  are  cryftallized  in 
fided  prifms,  with  fummits  of  three  or  iU  facets,    Not*  by  M. 
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CLASS  SECOND. 


Earths  and  Stones  which  neither  give  Fire  with  Suck 

nor  effervefce  with  Acids. 


/ 


Genus  I.     Clays. 

when  moijl  they  are  duftile  ;    when  dry  they  are  polifb* 
ed  hy  ajlight  rubbing  with  the  finger. 


Species  I.  Clays  abfolutely  infufible. 

r  i.  ufed  to  make  pots  for  tbt 
Varieties     <       glafs-houfc 

C  a»%for  tobacco  pipes 

Species  U.  Clays  partly  fufible. 


l.  for  porcelain 
Varieties*     \  2.  for  Englifh  potter 

3.  for  ftonc-ware. 


Species  HI.  Clays  entirely  fufible, 


Varieties. 


*  1.  for  common  pottery. 

2.  for  delft-ware 

3.  for  Dutch  tiles  * 

4.  for  tiles 

I  5,  for  bricks- 


Gaff* 


Genus  II.     Schiffut, 
argillaceous  and foliated  frafturc. 

r  i.  black  (tone 

12.  common  fchiftus 
3.  writing  flatc 
Varieties.     \  a.  polHhing  ftonea 

5.  green  done 

6.  bone 


I 


7.  fragments  united  in  breccias* 


Genus  III.    Talc, 

poli/bed  glijlening  lamina,  without  Jpatbofe  frafture. 

Species  I.  Talc  in  large  leaves* 

Variety.    Mufcovy  talc 

Species  H.  In  (mall  leaves. 

Variety.    Mica* 


%  Genus  IV.    Steatites, 

fcelgrcafy,  like  tallow. 
Species  I.  Steatites  in  layers. 


Varieties,     -f  f*  **nc  'rcnc^  &*&  (de  Brian  ^on) 

X  2.  coarfe  French  chalk  (deBrun<joft.) 


Species  II.  Compad  Steatites. 


Varieties,    i  u  foap  rock  (PlCTTt  dc  lard) 
\  2.  Spaniih  chalk. 


Species  HI.  Lapis  Ollaris. 


Varietica      I  i.Comoftone 
varxciKS.     I  2  folialcd  bpif  ^^ 


Genus  V.    Serpentines, 
ffo  ^0/^ft  a»rf  colours  of  marble* 
Species  I.  Opaque  Serpentines. 


Varieties.     I  *'  fP?ttc,d 
£  2.  veined. 


Species  II.  Semi-tranfparent  Serpentines. 


Varieties,     j  x'  g™ulatcd 
(,  2*  fabrous. 


Genus  VI.     Amianthus, 

filaments  not  c akin  able,  leaves  or  flakes  lighter  tba* 
water. 

Species  L  Amianthus  with  foft  fibres. 

Varieties      J  u  with  long  fibreS 
i  2.  with  fhort  fibres. 

Species  II.  Amianthus  with  hard  (brittle)  fibres- 


Varieties. 


f  i.  Afbeftos,  eafily  divisible  into  parts  (mur) 

\  2.  Afbeftos,  not  eafily  divifible  into  parts {nontXktMXj 


Species  III  Amianthus  in  flakes  or  leaves 

*r    «^«  $  i-  foflil  leather 

Varieties.      {  2.  foflil  c0lk. 


Genus  VII.     Zeolite* 


cryftallized  in  divergent  radii,  or  tranfmutabU  ir*t°  * 
gelly  by  folution  in  acids \ 

Species  I.  Cryftallized  Zeolite. 


>       V 
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cs  1L  Compad  Zeolite. 


i.  white 
Varieties*     1  2.  blue 

3.  red. 


r  i.  wl 
}  2.  bli 
I  3-  rc< 


Genus  VIII.    Fluor  Spar, 

intents  with  triangular  faces,  all  inclined  to  each 
tber. 

ies  I.  Fluor  Spar  in-  cry  ftals. 

f    i.  o&ahaedrons 

Varieties.    <  2"  cu.nc^orm  ottahsedrons 
/  3*  Wlt^  '4  faces 
V.  4*  cubical. 

w  /£  Fluor  Spar  in  irregular  Maffes. 


Genus  IX.     Ponderous  Spar, 

rbomboidal  fragments ;  the  lateral  faces  perpendi- 
cular to  the  bajes. 

ties  L  Cryftallized  Ponderous  Spar. 

f  1.  in  rhomboid al  plates 

2.  in  o&ahaedrons  with  acute 
fummits 

3.  in  o&ahxdrons  with.obtufe 
fummits 

Varieties.     <j   4*  in  hexagonal  plates  with  a- 

cute  fummits 
5.  in  hexagonal  plates  with  ob- 

Itufe  fummits 

lenticular) 
t 


:   £     ft2o  *  J 
Species  IL    Ponderous  Spar  cry  ft  alii  zed   confuted  ly 

BOLOGNA  STONE. 


Genus  X.     Ponderous  Stone.     TUNGSTEN, 

refcmbling  Fluor  Spar  in  the  form  of  its  fragments, 
but  much  heavier  ;  it  becomes  yellow  in  gciA\\^ 


CLASS   THIRD. 

Earths  and  Stones  which  effervefce  with  Acids  #, 


Genus  I.     Calcareous  Earths. 
*  Effervefcence  with  Acids. 


Species  L     Ccmpadi. 


Variety.     Chalk. 


Specie* 


«HBM*adhi 


*  Though  modcrrt  chemifts  confider  tiiefe  fubftancea  as  nentra 
falts,  formed  by  the  union  of  chalk  with  fhe  carbonic  acid,  we  fob* 
join  them  here  after  the  earthy  matters,  in  order  to  give  a  connected 
▼tew  of  M.  Daubenton's  method.  Naturalifts,  who  employ  ia  ihck 
arrangements  none  but  exterior  and  (Inking  characterises,  muft  cot* 
fidcr  thefe  fubftances  as  genuine  earth*:  but  in  the  hiftory  of  6to 
nutter*,  the  j  will  be  viewed  m  *  &B&ra\^gB&«  "E . 


1 


x  «'  r 

its  IT.  Spongy. 

Variety.    Stone«marrovr, 
us  III.  In  powder. 

Variety.    Foffil  Flour. 
its  V*  Confiftency  of  cream. 

Variety*    Lac  lunx. 

ies  V.  Figured. 

Variety.    CongealeiL 

Genus  II.     Calcareous  (tones, 

indifferent  colour  and  poli/b* 
ies  I.  Coarfe  grained. 

Specimen. 
Limeftone  from  Arcuei!. 

ies  IL  Fine  grained. 

Specimen. 
The  Thunderftone. 


Genus  III.     Marbles. 
Granulated  fra£lure,jinc  colour  andpoli/b. 

\cs  L  Marbles  of  fix  Colours* 
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White,  grev,  green,  yellow,  red, 

w~  •-*•—       j       and  black. 
Taneties.    <  c 

Specimen. 

Marble  from  Wirtembcrg. 


Species  II.  Marbles  of  two  colours* 


115  in  number,  formed  by  the  com- 
bination of  6  colours,  2  together. 
Specimen. 
I   white  and  grey. 
I  Marble  of  Carrara* 


Species  III  Marbles  of  three  colours* 


20  in  number,  formed  by  the  com* 
bination  of  6  colours,  3  together 
Varieties*    i  Specimen. 

grey,  yellow,  and  black. 
Lumachello. 


Species   V.  Marbles  of  four  colours* 

f  15  in  number,  formed  by  the  com* 
j       bination  of  6  colours,  4  together. 
Varieties.     \  Specimen. 

j  white,  grey,  yellow,  and  red. 
I  Brocatello  from  Spain. 

Species  V.  Marbles  of  five  colours. 


*„.  I 


6  in  number,  formed  by  the  combi- 
nations of  6  colours,  5  together. 
Varieties.     <{  Specimen. 

j  white,  grey,  yellow,  red,  and  black. 
I  Breccias  of  Old  Caftle. 


-.  C**|M 
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Genus  IV.     Calcareous  Spar. 
Regular  form,  Jpatbofe  frafture* 
Species  I.    Cryftallized  calcareous  fpar. 

f  i.  obtufe  rhomboidal  figure. 
Iceland  Spar, 

2.  lenticular  rhomboidal  figure 

3.  lenticular  rhomboidal  figure 
6  triangular  faces 

4.  acute  rhomboidal  figure 

5.  with  12  pentagonal  faces 

—    .    .  6.  with  2  triangular  faces 

Varieties.  ^  ?  fix_fi£d  prifm 

8 .  fix  rhomboidal  fides,  with  6  faces 
lozenge-wife 

9.  with  1 2  fcalene  triangular  faces 

10.  with  12,  faces  of  4  or  5  fides,  and 
6  quadrilateral  facets 

1 1.  with  6  hexagonal  faces,  and  12 
facets  of  four  fides. 


Species  II,  Striated  calcareous  fpar. 


xt    .    .  f  1.  with  parallel  ftriae 

Varieties.     J  a.  wi*  difergent  ftri*. 


Genus  V.    Concretions. 


Succeffive  coats. 


Species  L  Stala&ite  Concretions. 


Varieties.     \  2*  tabular 


i.  in  columns 

2*  tabular 

3.  rcfcmbling  alabafter. 

Sj>ccut 
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Species  II.  Concretions  by  incruftation. 
Specie  III.  Concretions  by  fediment. 

v   .  ...      f  i .  by  horizontal  fediments 
v  aneties.    |  2  by  roBndcd  fcdimcnts. 


CLASS    FOURTH. 

Mixed  Earth  and  Stones. 


Mixed  earths. 
Genus  I.    Sand  and  Clay. 
Species.    Sand  for  founders. 

Variety.    Sand  from  Fontenai-aux-rofes. 

Genus  II.    Sand  and  calcareous  earth. 


Genus  III.    Clay  and  calcareous  eagth. 


Species.    Marie. 


Varieties. 


f  i.  marie,  Armenian  bole 
|    2.  marie,  terra  Ggillata 

3 .  (lone  for  taking  fpots  out  of  dow 
(pierre  a  detacher) 

4*  fuller's  earth 

5.  porcelain  earth 

6  pipe  clay 

7.  potter's  clay  (terre  a  faiance) 

8.  white  marie 

9.  foliated  marie 

.  10.  marie  for  manure 

Mixt* 
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Mixed  Stones, 


0F   TWO    GENERA» 


ind  fciatillating  fpar  -   -  Granitfu. 
tad  fchorl    -     •     *     *    Grwitdkb 
ind  fteatites  -      *      Quartbfe  fteaiites. 

ind  mica     *      *  Micaceous  quart** 

rent  quartz  and  mica   -     Micaceous  cryftaL 

a  grit  and  gem-tto..    -     {LSSbSSlSI 

a  grit  and  mica    -      -      Micaceous  grit 

n  grit  and  calcareous  mat-  c  i.  cryttaflized  grit, 

£  a.  grit  in  ftaU&ites. 
,     /.     ,        i  «  C  fandr  and  filiceous  brec^ 

in  land  and  opaque  ftone  S      '^ 

nfandandfchiftus-    -  {SSotSSStrJP. 

n  (and  and  zeolite.    -    -»  fciotfllatlng  zeolite* 

ting  fpar  and  fchorl  pafte  ophites, 

nfparent  ftone,  with  o-  c  jafperated  ante,  or  M 

UC  ftone  C.     gatixcd  jalpcr. 

I  V  Schorl 
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Schorl  and  mica    .     -     -     -      5  micaceous  (P*A°rc 

£         lchorl* 

Schiftus  and  mica    -     •     -    -       micaceous  fchiftus. 

Schiftus  and  marble     -  -  .       Florence  ftone. 

•j"  *•  green  Egyptian  marble. 
^,  j  li  I    a.  fei  green  marble. 

Serpentine  and  marble    -     -         J    3.  green  antique  marble. 

I    4.  green  marble  of  Sun. 

L  5*  green  marble  of  Varahi. 

Ponderous   fpar   and    calcartOUS    7  alkaline  ponderomfpar. 

matter  5 


OF   THREE   GENERA. 

Quartz  in  fand,  fchiftus  and  mica       rough  wheat-ftooe. 
Quartz,  gem,  and  mica      -      -         garnet  rock. 

Quartzofe  pafte,  fcintillating  fpar  ^         , 
in  fmall  fragments,  and  fchori    3   ^^  yry* 

Quartzofe  pafte,  fcintillating  fpar  7  ferpectine.  bariftrp* 
in  large  fragments  and  fchori    >       tine. 

Quartz,  fchori,  and  fteatites  -    -        tuberculous  rocL 

Quartz,    fcintillating    fpar,   and  ^         Ju 
lchorl  5 


OF   FOUR   GENERA. 


Quartz,  fcintillating  fpar,  fchori,  1 

and  mica  $  ^*m  e* 


•ir 
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LISTING  OF  MORE  OR  FEWER?        .      ... 

>  uQiftrul  breccias 

ENERA,  UNITED  IN  BRECCIAS  5 


DOUBLE   BRECCIAS. 


{I.  Fragments  of  porphyry,  and  pafte 
of  porphyry* 
a.  Fragment*  of  granite,  and  fchorl 
pafte. 


VOLCANIC    PRODUCTS*. 


us  L    Lavas,  or  Matters  formed  by  Volcanoes; 

volcanic  Matters. 

Secies 1.  Porous  Scoriae. 


f     i.  in  irregular  mafics.  > 

a.  in  ftriped  manes. 
3.  in  the  form  of  ftala&itetv 

V.nV»;~      i      4-  *n  fragments,     lapillo. 
Varieties,     i     ^  i„  {mill  fragmenta. 

POUZOLAMA. 

6*  in  daft* 

YOLCAMIC  CIMDERf. 

P  2  Species 


L  Danbenton  placet  volcanic  prodods  at  the  end  of  mineral*, 
it  flaking  them  under  any  of  the  four  orders  of  which  his  mc- 
dfiMtta*    As  their  hiftory  is  ufualiy  sWtcd  along  with  that  oi 
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Species  II.    Bafaltes, 

compaSl  and  fcinttllating,  bJackiJb  cinereous  fraSture, 
if  c.  with  brilliant  points,  without]  fmall  plates,  like 
tbofe  qftbefcimillatingfcbi/lus. 


Varieties.     * 


i.  in  irregular  mafTef. 
a*  in  balls.  N 

3.  in  tables* 

4.  in  prUxna  of  3,  49  5,  6,  7,  8,  or  9 
fides. 

w  5.  in  articulated  prifms. 


Species  III.    Glafs. 

f  1.  in  feparate  fibres. 

GLASS  GALL. 


Varieties. 


2.  in  agglutinated  fibres. 

PUMICE  STOMI. 

3.  in  compact  mallet. 

VOLCANIC  3 CO*I A. 

I  LAPIS  OBSIDIANU& 


Genoa  IL  Volcanized  Matters;  that  is  to  fay,  mat- 
tcrs,  altered  by  the  heat  of  volcanoes,  appearing  t* 
b^ve  been  baked,  calcined,  melted,  or  vitrified. 

Species  I.  Granite. 

II.  Garnet 

III.  Hyacinth. 

IV.  Mica.      , 

V.  Peridot* 

VI.  Quartz*  y 

VII.  Schorl. 

VIII.  Scintillating  fparv 

IX.  Calcareous  Subftfpcesr. 

X.  Baked  Earths,  Tripoli     v 

* 

SUM 
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STONES,  wish  the  nature  of  which  we  are  notjetfuf- 
ficiently  acquainted  to  reduce  them  under  certain  Cfof- 
fes. 

Jargon  of  Ceylon. 

crjfiah  in  rectangular  prifms,  with  pyramids  of  4 
triangular  faces. 

The  name  of  Jargon  appears  to  be  given  to  many 
fiones,  the  particular  ftru&ure  of  which  is  hitherto  un- 
known. 

Macles, 

in  fquare  or  cylindrical  prifms,  the  tranfoerfe  fee- 
tion  of  which  exhibits  a  blue  crofsm 

The  made  has  been  confidered  as  a  fchorl  j  but  the 
opinion  has  not  been  proved. 

White  Cryftals, 

in  flattened  prijms  with  10  fides,  with  two  fitmmits 
of  four  faces,  one  of  which  forms  a  concave,  the 
other  a  convex  angle. 

m 

Violet  or  green  Cryftals. 

rbomboidal,  with  two  facets  in/lead  of  two  oppofite 
angles. 

•€ 

Thefe  white,  tiplet,  and  green  cryftals,  have  obtain- 


te9  twlet,  a 
of  Spnorls, 


ed  the  name  of  Schorls,  although  they  do  not  appear 
to  be  of  the  fame  nature  with  id 


sac 


CHAP.      IIL 

Of  the  Claffification  of  Earths  and  Stones  according 

to  their  Chemical  Properties. 

•T'hOSE  chemifts  who  have  engaged  in  the  the  ftudjr 
of  minerals,  have  endeavoured  to  eftablifh  di» 
ftin&ions  among  them,  founded  on  their  chemical  pro- 
perties. And  though  a  fufficient  number  of  earths  and 
ftones  has  not  yet  been  examined,  to  enable  us  to  form 
very  accurate  or  complete  arrangements  of  them  on 
thefe  principles ;  yet  it  is  certainly  an  objed  of  im- 
portance to  the  ftudent  of  mineralogy  to  know  the  pre- 
fent  ftate  of  chemical  fcience  refpeding  thefe  fubftao* 
ces,  and  what  advantage  the  mineralogift  can  derive 
from  it  in  arranging  them. 

Of  all  the  philofophers  who,  fince  Cronftedt,  have 
attempted  to  arrange  earths  and  (tones  by  their  che- 
mical properties,  Bucquet,  Bergman,  and  Kirwan,  have 
been  the  mod  fucc'efsful,  and  h§ve  given  the  moft  com- 
plete fy  (terns.  As  each  of  thefe  gentlemen  has  follow- 
ed a  peculiar  mode  of  arrangement,  and  as  each  of 
their  methods  poflefles  fome  undeniable  advantages, 
we  fhall  here  lay  before  our  readers  fucceflive  views  of 
the  three  fyftems,  and  fhall  at  the  fame  time  point  out 
their  feveral  defe&s. 


y. 


dafftfication  of  Earths  and  Stone*.  23  * 

SI.     Of  the  Chemical  Divj/ion  of  Earths  and  Stones 

propofed  by  Bucquet. 

BUCQUET,  after  many  laborious  refearches  with  a 
view  to  this  object,  at  length  formed,  a  little  before  his 
death,  a  fyftem  of  earths  and  (tones,  on  the  compound 
principle  of  their  chemical  properties  and  tbeir  exteri- 
or cbaraderiftics,  as  obferved  by  naturalifts,  which  he 
had  refolved  to  follow  in  his  future  courfes  of  ledures. 
In  repeated  conventions  with  him  during  the  linger- 
ing illnels  which  ended  in  his  death,  I  obtained  a  full 
account  of  that  method ;  which  was  communicated  to 
the  public  in  the  firft  edition  of  this  work.  I  fhall  now 
again  give  it  as  it  then  appeared,  only  adding  a  few 
notes,  to  take  notice  of  the  improvements  which  this 
branch  of  the  fcience  has  received  fince  the  year 
1779. 

According  to  Bucquet,  earths  and  (tones  fhould  be 
arranged  under  three  divifions :  the  firft  comprehend- 
ing fimple  earths  and  ftones;  the  fecond,  compound 
earths  and  ftones;  and  the  third,  mixtures  of  earths 
and  ftone. 

Simple  earths  and  ftones,  in  a  ftate  of  purity,  are 
infipid,  dry,  hard,  infoluble,  and  infuiible.  Whenever 
any  of  them  appear  to  poflefs  thefe  properties  in  a  lefs 
perfeft  degree,  more  efpecially  when  any  of  them  ap- 
pear fufceptible  of  fufion,  they  are  to  be  conOdered  a* 
not  pure,  but  alloyed  by  the  mixture  of  fome  extrane- 
ous matter.  Such  as  are  pure,  admit  not  of  decompo- 
sition by  chemical  analyfis ;  but  the  number  of  pure 
ftones  is  much  more  fcanty  than  Bucquet  thought  it. 


*3*  Clafftfieation  of  Earthf  and  Stone f. 

Compounds  earths  and  ftones  are  to  be  regarded  as 
combinations  of  the  fimple  earths  with  faline  or  metal- 
lic fubftances.  Thefe  combinations  have  been  effed. 
ed  by  the  operation  of  fire  or  water  in  the  great  lata 
ratory  of  nature.  Their  chemical  chara&eriftics  arc, 
to  melt  eafily,  to  fuffer  vitrification  from  the  a  ft  ion  of 
fire,  and  to  be  feparable  into  fqveral  fimple  fubftances 
by  tfre  a&ioq  of  folvents,  more  efpecialiy  by  the  aftion 
of  acids. 

Mixed  earths  and  ftones  are  eafily  diftinguifhed  by 
infpe&ion.  They  feem  to  be  formed  by  the  irregular 
aggregation  of  feveral  earths  and  (tones,  both  fimpfo 
and  compound.  To  analyfe  them,  the  feveral  diffe. 
rent  matters  of  the  irregular  aggregate  mud  be  divided 
and  examined  each  by  itfelf.  Their  peculiar  natures 
pay  be  then  certainly  determined  by  chemical  esperi. 
pients. 


DIVISION     L 

i 

Simple  Earths  and  Stone** 
These  are  divided  into  four  orders, 

Order  I.    Vitreous  Stones. 

These  are  extremely  hard,  and  perfedly  tranfpt* 
7ent ;  of  a  vitreous  fradture  ;  give  fire  with  fteel ;  and 
fuffer  no  alteration  in  tranfparency  or  hardnefs  from 
the  adtionof  heat 

This  firft  order  contains  two  genera;  rock-cry  ftal  and 
^Uffous  precious  ftoxxc^ 

Qtustt 
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Genus  L    Rock-Cry/Ial. 

Rock-c*ystal  exhibits  all  the  properties  of  vitreous 
tones  in  the  moft  eminent  degree.    Its  fradure,  which 
1  fimilar  to  that  of  glafs,  diftinguifhes  it  from  the  fol- 
owing  genus. 
'  It  may  be  fubdivided  into  fpecies. 

I.     By  the  Property  of  Form. 

» — ?~~ 

x.  Infulated  hexahsedral  cryftals,  which  two  hexa- 
haedral  pyramids.  The  Abbe  Rochon  has  ob- 
ferved,  that  thefe  produce  a  double  refrac- 
tion. 

2.  Hexahaedral  cryftals,  united  in  groups,  with  one 

or  two  points. 

3.  Tetrahaedral,  duodecahaedral,  flattened,  &c.  cry- 

ftals.    Thofe  of  which  the  facets  are  varied 
and  irregular  are  always  hexabaedraL 

4.  Rock-cryftal  in  mafies,    from  Madagascar.    It 

produces  only  a  fingle  refraction. 

a.     By  the  Property  of  Colour. 

5.  Reddifh  rock-cryftal. 

6.  Smoky  cryftals. 

7.  Black  cryftals. 

8.  Yellow  cryftals. 

9.  Blue  cryftals. 
10.  Green  cryftals. 

3.    By  accidental  Qircumftances. 
xi.  Hollow  rock-cryftal. 


*34  Clarification  of  Earths  and  Stones 

ia.  Containing  water. 

13.  One  cryftal  inclofed  within  another  (eraboitesj. 

14.  Rounded;  pebbles  from  the  Rhine. 

15.  lncrufted  with  metallic  calces. 
j  6.  In  gaeodes. 

17.  Containing  amianthus. 

1 8.  Containing  fchorl. 

19.  lncrufted  with  pyrites. 

Their  formation  by  water  is  proved, 

i.  By  their  tranfparency. 

2.  By  the  form  of  fmall  cryftals. 

3.  By  the  inclofure  of  one  cryftal  in  another. 
4*  By  their  inclofing  fubftances  alterable  by  fire. 

They  are  cut  and  poliflied  into  vafes  and  toys. 

Genus  II.     Vitreous  Precious  Stones. 

The  precious  (tones  which  we  rank  under  this  ge- 
nus, have  all  the  properties  which  chara&erife  rock- 
cryftal,  and  more  efpecially  its  inalterability  by  fire. 
Though  this  may  feem  extraordinary,  fince  Berg- 
man informs  us,  that  he  found  thefe  ftones  to  be 
compofitions  of  feveral  different  matters ;  yet  in  their 
hardnefs,  their  tranfparency,  and  the  manner  in 
which  they  are  affeded  by  fire,  they  differ  but  little 
from  rock-cry ftal  j  they  are,  however,  inferior  in  hard- 
nefs, their  colour  is  not  fo  clear  and  lively,  and  their 
fra&ure  is  lamellated.  The  differences  among  preci- 
ous ftones,  particularly  with  regard  to  the  manner  in 
.which  they  are  affe&ed  by  fire,  induced  Bucquet  tofe- 
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parate  them,  and  to  arrange  them  among  thofe  of  the 
nrders  of  ftones  to  which  they  have  the  neareft  refem- 
blanct. 

The  four  precious  ftones  which  we  diftinguiih  by  the 
denomination  of  vitreous,  aie, 


i.  The  oriental  topaz. 

2.  The  hyacinth. 

3.  The  oriental  fapphire. 

4.  The  amethyft. 

M  Daubenton  has  always  confidered  this  laft  as  a 
quartz  cryftaL 

Order  II.    Quartzosz  Stones. 

These  are  not  fo  hard  or  tranfparent  as  the  former; 
their  fradure  is  vitreous  ;  and  they  give  fire  with  fteel. 
Heat  deprives  them  of  hardnefs  and  tranfparency,  and 
reduces  them  to  a  white  opaque  earth  *•  Under  this 
order  we  arrange  four  genera. 


Genus  I.    Quartz. 
It  poflefles  all  the  above  chara&eriftics. 

Species* 

#  It  was  on  account  of  its  being  liable  to  alteration  by  fire,  that 
Bocquet  diftinguifhed  quartz  from  rock-cryftal,  and  arranged  it  under 
a  particular  genus.  He  likewife  obferved,  that  quartz  dipped  in 
water,  after  baring  been  for  feveral  times  fucceffivcly  heated  red  hot, 
communicated  to  that  fluid  a  degree  of  acidity.  Future  experiments 
wiB  determine  the  certainty  of  this  fa&— F. 
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Specie*.  ' 

1.  Tranfparent  quartz,  cry  ft  alii  fed  in  hexagonal 

pyramids ;    its  prifms  either  not  obfervable, 
or  at  lead  very  fhort. 

2.  Tranfparent  quartz  in  mafies. 

3.  Opaque  or  ladeous  quartz. 

4.  Greafy  quartz* 

5.  Carious  quartz. 

6.  Green,  blue,  or  violet  quartz ;   prifm  of  amc- 

thyft. 

7.  Yellow  quartz,  of  a  lamellated  fra&ure. 

f Saxon. 

Brafilian. 
Thefe  topazes  poflefs  all  the  charaderiftics  of  quartz. 


Topaz  I 


Genus  II.    Flint,  Agate. 

Flints  and  agates  are  fmall  round  mafies,  generally 
opaque,  fometimes  femi-tranfparent,  either  hollow  or 
folid,  of  various  colours,  and  difpofed  in  ft  rata,— in 
chalk,  as  is  the  cafe  with  flints ;  or  in  clay,  as  agates. 
Their  fra&ure  is  fometimes  fcaly. 

Species. 

i.  Grey  flint. 

2.  Yellow  flint. 

3.  Red  flint. 

4.  Corneous  flint ;  gun-flint. 

5.  Brown  Egyptian  flint. 

6.  Tranfparent  clouded  flint j  German  agate. 

7.  Red  agate j  male  cornelian. 

8.  Pale  red  agate ;  female  cornelian, 
p.  Brown  or  yellow  agate  ;  fardonyx* 
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i  a.  Agate-onyx,  in  concentric  laminae. 

11.  Agate-Cameo,  in  horizontal  layers;  but  the 
appearance  of  the  laminae,  and  their  difpofi- 
tion  with  regard  to  the  figure  of  the  (lone, 
depends  in  a  great  meafure  en  the  manner 
in  which  it  is  cut. 

{Dendrites ;  herborized  agates  \ 
An  thropomorph  ites. 
Zoomorphites. 
Uranomorph'rtes. 

23.  Agate,  apparently  mouldy ;  marked  with  fmafl 

green  points,  generally  owing  to  mofies, 

14.  Agate  of  four  colours ;  elementary. 

15.  Grey  agate;  grey  chalcedony. 

16.  White,  ladeous,  f  in  layers. 

or  chalcedony    <  in  ftala&ites. 
agate.  C  round,  cacholong. 

Lapidaries  agate,  chatoy- 

Tin.--.  +  a/rfluftre. 

17.  White  agate,  ^ 

with  a  wavy  re-     ^    f    *         ,.        ,     , 
fledion   of  the<  Oculusmuodi,  or  hydro- 
1:  u*.  I       pnancs. 

I  GirafoL 
J 8.  Brown    agate,   with    brilliant   gold-coloured 

points.    Avanturine. 
19.  Oriental  agate. 
ao.  Agate  containing  water  (Enbydre). 

The  formation  of  quartz^  agates,  and  flints,  is  owing 
>  water,  as  i»  proved, 

1.  By 

#  M.  Davbenton  has  fhown,  in  a  memoir  read  to  the  Academy% 
lat  hcrborifed  ftonct  coataio  rcrj  fine  naoflci,  or  fadt  piiw*ol\*W*> 
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1.  By  their  form.  ? 

2.  By  their  layers. 

3.  By  their  mofles. 

4.  By  their  containing  water. 

5.  By  the  organized  matters  mixed  with  them,  as 

in  the  mofly  or  mouldy  agates. 
This  alfo  appears  from  the  circumftances  and  pro- 
perties of  the  gaeodes.     Thefe  are  (lone  boxes,  filled 
with  cryflals  :  they  contain  filex  and  quartz  arranged 
in  concentric  layers. 

Genus  III*    Organic  Matters  converted  into  Sikx,  or 

Agate. 

These  are  diftinguHhed  from  the  other  genera  of 
this  order,  by  poflefling  the  chara&eriftic  properties  of 
quartzofe  Hones  under  an  organic  form  *. 

Speciei. 

1.  Wood  petrified,  but  (till  fibrous,  and  fufcep- 

tible  of  polifh. 

2.  Wood,  the  texture  of  which  indicates  its  par- 

ticular kind.     Fir. 

3.  Sea-urchins    and    madrepores  converted  into 

filex. 

4.  Shells  converted  into  agate. 

5.  Carpolites :  thefe  have  been  miftaken  for  pe- 

trified 

*  It  would  perhaps  be  a  much  more  natural  mode  of  divifioo,  to 
arrange  under  a  diltinct  clafs,  all  fuch  animal  and  vegetable  fubftu- 
ces  as  have  fuffered  alteration  from  lying  under  ground.  The  name  of 
that  clafs  might  be  foffils*  and  it  might  be  placed  it  the  cad  of  the  0* 
game  kingdoms.— F. 
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trified  fruits j  they  are  properly  (mall  ludi- 
belmontii  Clicified. 

6.  Entrochites. 

7.  Lapis  frumentarius  filiceus. 

This  lad  done  gives  fire  with  fteel,  but  does  not 
effervefce  with  acids.  It  feems  to  be  form- 
ed by  an  afiemblage  of  cornua  ammonis  di- 
vided perpendicularly  to  their  volutes. 

There  are  two  opinions  concerning  petrifaction. 
Some  think  that  organized  bodies  are  entirely  tranf- 
muted  into  ftone :  others  are  of  opinion,  that  the  void 
fpaces  formed  by  animal  fubftances  in  foft  earths,  and 
the  interftices  in  the  fibrous  texture  of  vegetables,  are 
gradually  filled  up  by  an  accumulation  of  earthy  mat> 
ter.  But  we  can  pretend  to  no  certain  knowledge  of 
the  caufe  of  this  phenomenon.  Vegetable  matters  are 
obferved  to  become  almoft  always  quartzofe,  and  fcarce 
ever  calcareous ;  while  animal  fubftances,  on  the  con- 
trary,  become  generally  calcareous,  and  feldom  quart- 
zofe *•  From  this  fad  we  may  almoft  conclude,  that 
no  real  petrifa&ion  takes  place,  and  that  organized  bo- 
dies are  not  converted  into  ftone:  For,  i.  Shell-fifh 
and  madrepores  only  lofe  their  mucilage  or  animal 
gluten,  by  putrefa&ion,  and  are  reduced  to  calcareous 
ikeletons,  which  exiited  during  the  life  of  the  animals : 
2.  What  is  faid  to  be  petrified  wood,  is  nothing  elfe 

than 

•  Since  the  difcorery  of  the  fluoric  acid  gas,  which  poffefTes  the 
property  of  decompofing  quartzofe  earth,  fomc  naturalifts  have  conjee* 
tared,  that  petrifaction  may  be  produced  in  a  Gmilar  manner.  But 
this  is  to  be  regarded  aa  mere  conjecture,  till  fuch  time  as  it  be  fhown 
that  there  ezifts  in  the  interior  parts  of  the  earth  an  acid  which  main* 
ttiaa  quartzofe  ea/th  in  a  fait  of  folutiou^-F. 
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than  an  accumulation  of  vitrifiable  earth  in  mould* 
formed  by  putrefied  vegetables.  As  the  fibres  of  the 
vegetable  body  are  gradually  deftroyed  by  putrefadioa, 
a  quantity  of  quartzofe  earth  is  depofited  by  the  water 
in  the  fpace  which  they  occupied  :  a  quartzofe  (lone  is 
thus  formed  of  the  very  figure  and  texture  of  the  vege- 
table body,  but  not  a  particle  of  this  fubftance  enters 
into  its  compofition. 

Genus  IV.    Jajper. 

Jasper  poflefles  all  the  chara&eriftics  of  quartlofc 
ftones.  It  is  infufible,  but  lofes  its  aggregation  by  fire: 
it  is  extremely  hard,  opaque,  and  variegated  with  di- 
vers colours j  its  fa&ure  is  dufky  and  vitreous.  It  is 
not  often  found  arranged  in  beds ;  it  generally  compo 
fes  confiderable  mafies  or  veins  in  rocks  :  It  is  alfo 
found  in  fmall  round  lumps.  Mod  fpecimens  of  jafper 
that  we  have  feen,  are  mixtures  of  quartz  and  chalet 
dony.     It  fometimes  contains  calcareous  fpar. 

Naturalifts  have  divided  jafper  into  a  great  many 
fpecies.    Thefe  may  be  reduced  to  the  following. 

Species. 

i.  White  jafper, 
a.  Grey. 

3.  Yellow. 

4.  Red. 

5.  Brown. 

6.  Green. 

7.  Veined. 

8.  Spotted. 

9.  Green,  with  red  points :  bloody  jafpef. 
io.  Flowered. 
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Jafper  is  ufed  for  making  toys,  particularly  cups  and 
Is.  There  are  many  antique  engravings  on  ftoncs  of 
skind. 


Genus  V.     Grit%  or  Free-Jlone. 

Srit-stone  is  opaque,  of  a  granulated  fra&ure, 
10b  fofter  than  quartz  or  flint  j  it  is  found  in  large 
fies,  of  various  degrees  of  hardnefc,  and  fometimes 
er  fometimes  coarfer  grained. 


x.  Grit  Cryftallifed  in  rhomb L  M.  de  Laflbne  has 
fhown  that  thefe  owe  their  form  to  the  chalk 
incorporated  with  them  •• 

*.  Grit  in  the  form  of  cauliflowers. 

3.  In  ftalagmites. 

4.  White. 

5.  Grey. 
*.  Red. 

7.  Black,  or  Brown. 

8.  Veined. 

9.  Figured,  or  herborifed. 

10.  Grit,  of  which  the  aggregation  is  deflroyed; 
fend. 

Sand  appears  under  the  following  varieties : 

i.  Quick-fand. 
a.  Angular  fand. 

3.  Sand  rounded  by  the  aftion  of  water. 
Vol.  I.  Q^  4.  Pure 

1  Mcmoin  of  the  Academy  of  Science!  for  tlit  yc«  i*n  V"^  * 
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Varieties. 

4.  Pure  white  fand. 

5.  Micaceous  fand  ;  glarea. 

6.  Yellowifh,  argillaceous;  founder's  fand. 

7.  Ferruginous  fand ;  yellow. 

8.  — : .  black. 

9.  Blue  fand j  fnrn  copper. 
70.  Violet  fand;  from  tin. 
iz.  Auriferous  fand. 

Order  III.   Argillaceous  Earths  and  Stones. 

These  are  greafy ;  clammy,  or  pliant ;  (tick  to  the 
tongue  ;  foliated ;  frequently  coloured  ;  and  difpofed 
in  large  mafies,  and  in  layers. 

Their  force  of  aggregation  is  lefs  than  that  of  quart* 
zofe  (tones  ;  but  they  have  a  greater  tendency  to  com* 
bination,  and  are  therefore  often  altered.  Heat  con- 
trails and  hardens  them,  fo  as  to  give  them  the  appear* 
ance  of  quartaofe  (tones,  and  to  caufe  them  to  give  fire 
with  (leel  as  well  as  thofe.  Water  reduces  them  to 
a  pafte,  divides,  and  purifies  them  ;  tbey  abfotb  water, 
and  retain  it  with  fuch  force  of  combination,  that  they 
cannot  bj  again  totally  deprived  of  it. 

Part  of  the  fubftance  of  thefe  (tones  combines  with 
acids.  Some  chemifts  have  taken  clay  to  be  nothing 
but  filiceous  earth  altered  by  the  fulphuric  acid ;  but 
that  opinion  has  not  yet  been  fully  proved. 

Many  naturalifts  have  entertained  an  opinion,  that 
verifiable  earths,  after  being  long  expofed  to  the  agen- 
cy of  water,  air,  and  heat,  are  fe  para  ted  and  reduced 
into  fine  foft  particles,  capable  of  combination  with 
water,  and  thus  pafs  into  the  (late  of  clay.  This  theory 
I  being 
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;  founded  on  fome  accurate  obfervatiofts,  merits 

refpe&  than  the  former  :  But  the  evidence  of  nei* 

amounts  to  demonftration. 

ejfe  two  properties  of  mixirtg  with  water  fo  as  to 

ofe  a  dudile  pafte,  and  again  becoming  hard  by 

fiion  of  fire,    render  clay  fit  for  being  wrought 

tiles,  bricks,  pottery,  delft-ware,  and  porcelain  : 

n  account  of  thefe  makes  a  part  of  the  hiftory  of 

ind  of  earths. 

turalifts  have  described  a  great  many  kinds  of  flones 

onging  to  this  order ;  but  they  have  confouded  a- 

them  many  falfe  clays  and  compound  (tones  J 
ire,  of  the  laft,  ferpentine,  zeolite,  trapp,  &c. 
e  name  of  clay  properly  belongs  to  none  but  fuch 
1  as  are  hardened  by  fire,  are  diluted  in  water, 
ombine  with  the  fulphuric  acid  to  form  alum, 
cquer  having  examined  a  great  many  of  them, 

none  abfolutely  pure  *.     Many  of  them  owe 
colour  and  fufibility  to  their  being  mixtures  of 
is  combuftible  and  metallic  fubftances* 
:quet  divided  them  into  four  genera* 

Genus  I.     Soft  Du&ilc  Clays. 

ese,  when  dug  from  the  bed  or  quarry,  may  be 
ed j  but  they  become  dry  in  the  open  air« 

•  White  clay  ;  pipe  clay* 

•  Sandy  clay. 

.  Clammy  blackifh  clay ;  for  white  pottery* 
.  Clay,  with  a  mixture  of  mica,  kaolin  ;  partly 
fufible ;  for  porcelain, 

*  Academy  of  Sciences,  1758— "?• 
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Species. 

5.  Metallic  clay,  fufible  j  terra  figillata  ;  Anne* 

nian  bole 

6.  Pyritous  clay;  fufible  ;  blue,  green,  marble; 

ufed  in  common  pottery. 

Genus  II.    Dry,  Friable  Clays  ;  Clay  of  Tripoli. 

All  thofe  clays  which  Bucquet  ranked  among  the 
tripolis,  are  dry  in  the  interior  parts  of  the  earth.  They 
are  all  found  in  beds  or  layers,  often  very  thin,  and  ar- 
ranged one  above  another.  All  of  them  crumble  down 
into  dud  under  the  finger,  and  abforb  water  readily ; 
they  like  wife  flick  to  the  tongue. 

Species. 

1 .  Dry,  grey,  foliated  clay  ;  fullers  earth. 

2.  Red  tripoli.     Some  people  take  this  to  bet 

volcanic  product. 

3.  Grey  tripoli. 

4.  Black  tripoli. 

5.  Rotten  ftones  of  an  olive  grey  colour. 

Genus  III.   Scbiftus. 

Schisti  are  foliated  ftones  which  fplit  readily  int§ 
plates :  they  are  a  mixed  fufible  fubftance ;  they  are 
placed  in  huge  mafles  in  the  bowels  of  the  earth,  and 
always  in  an  oblique  direction.  Almoft  all  quarries  of 
fchifti  exhibit  on  their  exterior  furface,  and  in  the  up- 
permoft  layers,  impreffions  of  plants  of  the  rulh  and  fern 
kinds,  &c.  of  fhells,  fifties,  or  infedls,  &c.   * 

Specks 
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1.  Black  fchift us,  tender;  ampelke. 
a.  Fiffiie  fchiftus ;  flate. 

3.  Black,  hard  fchiftus  ;  writing  flate. 

4.  Red,  brown  fchiftus,  &c. 

5.  Sc  hill  us  marked  with  impreffions  of  vegetable 

or  animal  bodies. 

6.  Very  hard  fchiftus,  naxian  ftone,  ufed  for  whet- 

ting razors. 

Genus  IV.    Feldt-Spar. 

It  exifts  in  the  form  of  rhomb oidal  plates ;  its  frac- 
ture is  fpathofe,  and  it  gives  fire  with  fteel  :  It  is  /or 
this  reafon  called  fcintiUating  Jfrar.  Though  harder 
than  fchiftus,  it  is  fufible.  Bucquet  (uppofed  it  to 
be  an  argillaceous  (tone,  coloured  by  a  mixture  of  iron. 
M.  Monnet  confiders  it  as  a  compound  of  quartz,  clay, 
magnefia,  and  a  fmall  portion  of  calcareous  earth.  Its 
being  but  little  known  is  the  caufe  of  this  diverfity  of 
opinions  concerning  its  nature.  A  more  accurate  exa- 
mination muft  determine  its  true  chara&er  *. 

Q^Z  Species 


*  Father  Pini,  an  Italian  naturalift,  was  the  firft  who  defcribed 
ryftallifed  fcldi-fpar.  Since  his  difcovery,  it  has  been  found  in  many 
face*  in  France.  Very  regular  feldt  fpar  cryftals  are  found  at  Roanne 
o  Forez.  1  have  given  a  minute  defcription  of  that  which  is  found 
n  the  Alenqon  granites,  and  which  is  one  of  the  moft  regular  and 
tCMtifai  with  which  1  am  acquainted,  in  my  Mimoire*  dc  Comic* — ¥» 
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*-u 


0pecies< 

1.  Prifmatic  feldt-fpar  *♦ 

2.  White  feldt-fpar  f . 

3.  Red  feldt-fpar. 

4.  Green  feldt-fparf 

5.  Blue  feldt-fpar. 

Order  IV.    False  Clays. 

These  refemble  clays  only  by  having  a  foliated  tex. 
ture,  and  greafy  appearance ;  fome  of  them  indeed  har. 
den  by  fire. 

They  differ  from  clay,  as  not  being  fit  for  compo- 
fing  a  pafte  with  water,  and  as  being  mod  of  them 
fufible  in  fire.  They  combine  with  the  fulphuric  acid 
to  compofe  a  fait  in  the*  form  of  needles,  which  fuffen 
no  alteration  from  air,  but  is  foluble  in  four  or  five 
parts  of  water,  and  does  not  fwell  in  fire ;  in  a  word,  is 
not  alum.  Bucquet,  who  had  examined  a  great  many 
of  thefe  ftones,  gave  thefe  as  their  charafteriftics  :  but 
as  they  are  very  little  lenown,  they  may  (till  be  ranked 
pear  the  clays  J. 

Genus 

*  M.  Daubenton  ranks  this  among  the  feint illating  ftones.  It  iifr 
ftinguifhed  by  three  characleriftics  from  every  other  fpecies  of  ft  ones; 
its  texture  is  fpathofe  ;  it  yields  a  changing  or  chatoyant  luftre;  aodit 
gives  fire  with  it  eel.  With  thefe  charaderiitics,  this  genus  muft  coo* 
tain  more  fpecies  than  Bucquet  afcribed  to  it.  M.  Daubenton  inclod- 
cd  under  it  the  fihVs  eye,  the  avanturine,  and  the  labradore  done.— F» 

f  It  has  been  afcertained  by  experiment,  that  100  parts  of  white 
feldt-fpar,  contain  about  67  file*,  1 4  alumine,  1 1  bajytes,  tod  8 
jnagnefia. — H. 

%  The  Abbe*  Mongez,  in  bis  Introduction  to  Bergman's  Sciagra- 
phy, obferves,  that  thefe  Hones  might  be  with  more  propriety  aaad 
vuignefian  Jlones.  I  mould  willingly  agree  to  ufe  that  name ;  but  I  be* 
Jieve  a  number  of  experiments  are  acoc&rjr  before  w<  eta  rcceire  kit 
Cjj>reffivc  of  their  Dilute.*— 'E* 
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Genus  L   Lapides  Ollares,  bard, 

Theit  texture  can  fcarce  be  called  foliated ;  their  ap- 
arance  is  greafy ;  and  the/  -are  fufceptible  but  of  an 
lifferent  polifh. 


i.  Grey,  Swedifh  lapis  ollaris. 

2.  Greenifh  lapis  ollaris ;  Swedifh  colubrine. 

3.  Yellowiih  lapis  ollaris ;  Chinefe  foap-ftone; 

4*  Bright  green  lapis  ollaris ;  jade.  Bucquet 
thought  the  nephritic  and  Otaheitean  (tones 
to  be  varieties  of  the  jade.  The  jade  is  very 
hard,  and  gives  fire  with  fteel.  Bucquet  ap- 
pears to  have  followed  Pott  in  placing  it  a- 
mong  the  lapides  ollares. 

5.  Dirty  green  lapis  ollaris j  colubrine. 

6.  Serpentine.    A  (lone  of  a  deep  green,  or  ra- 

ther blackifl)  colour,  with  black  fpots  or 
veins,  like  a  ferpent's  fkin.  On  account 
of  its  appearance,  we  have  placed  it  at  the 
end  of  the  lapides  ollares ;  it  feems  to  be  a 
compound. 

nus  II.    Soft  Lapides  Ollares  ;  Steatites,  or  Smec- 
tites. 

Ihzse  are  more  of  the  nature  of  foap  than  the  fore- 
ng  genus.  They  may  be  eafily  cut ;  they  frothe 
h  water;  and  fome  of  them  have  externally  a  ftri« 
ig  refemblance  to  foap. 

Q^4  &^CK»t 
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Species. 

i«  White,  com  pa  61  fteatites ;  Brian^on  chalk. 

2.  Bright  Brian^on  chalk j  the  druggifts  Venice- 

talc. 

3.  White,  Norwegian  fteatites. 

4.  Red  marbled  Norwegian  fteatites. 

5.  Reddifh  Norwegian  fteatites. 

6.  Green  compact  fteatites  from  Norway. 

7.  Green  and  red  fteatites  from  Norway. 

8.  Green,  foliated;  foft  colubrine  of  Norway. 

9.  Black  fteatites ;  ufed  by  ftone-cutters. 

10.  Sparkling  grey  fteatites ;  plumbago,  molybde- 
na,  and  very  improperly  black  lead.  Plum- 
bago being  reduced  to  powder,  and  wrought 
into  a  parte  with  a  mixture  of  ifinglafs,  is  in- 
clofed  in  fmall  cylinders,  which  are  cut  to  a 
point  at  one  end,  and  ufed  as  pencils  or  cray- 
ons *, 

Genu* 


*  Since  the  death  of  Bucquet  and  the  firft  edition  of  this  work 
Mcflre.  Scheele,  Gahn,  and  Hielm,  have  very  fuccefsfully  inveftigatcd 
the  nature  of  plumbago  ;  they  have  found  it  to  be  a  car  bore  of  iroo* 
We  (hall  gixe  its  hiitory  after  that  of  fulphur.  The  fame  chemit* 
more  efpecially  M.  Scheele,  have  made  a  very  proper  diftindion  be* 
tween  plumbago  and  molybdena,  which  former  naturalifta  bad  always 
confounded  together.  M.  Scheele  confiders  molybdena  as  a  compound1 
of  fulphur  with  a  certain  acid,  to  which  he  gives  the  name  of  the  wu&jL 
denic,  (See  the  blftory  of  metals.)  It  is  plumbago  which  ia  ufed  for  pen- 
cils.—F. 

In  England,  the  plumbago  ufed  for  pencils  is  not  ground  to  powdc 
and  mixed  with  ifinglafa ;  but  cut  into  long  (lender  pieces  and  ioclo- 
fed  in  wood.  Thofe  defcribed  by  the  author  arc  an  inferior  kind,— H. 
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Genus  III.    Talc. 


*r 


It  confifts  of  polifbed  glittering  plates,  difpofed  one 
over  another,  and  of  a  gelatinous  transparency.  Thefe 
laminae  or  plates  are  fometimes  cryftallifed  in  an  hexa- 
gonal form,  or  in  fe&ions  of  fix-fided  prifms.  A  ftrong 
fire  melts  it  into  a  coloured  glafs. 

Species. 

i.  Talc  in  large  tranfparent  plates;   Mufcovy 

glafs. 
2.,  Talc  in  very  fmall  Give  red  fpangles. 

3.  Talc  in  very  fmall  golden  fpangles.    Thefe  two 

kinds  are  ufed  to  dry  writing,  under  the 
name  of  gold  or  Jilver  powder. 

4.  Talc  worn  into  the  form  of  pebbles. 

5.  Talc  in  black  fpangles. 

6.  Talc  in  mixed  brilliant  fpangles. 

Genus  IV.    Amianthus,  AJbeJlos. 

The  ftones  of  this  genus  confift  of  fibres  or  threads 
difpofed  parallel  to  one  another,  or  interwoven  like  the 
texture  of  a  web.  Thefe  threads  are  fometimes  (tiff, 
fometimes  flexible ;  and  they  differ  from  one  another 
in  colour,  length,  and  thicknefs.  The  ancients  fpua 
them,  and  made  of  them  a  kind  of  cloth,  to  which 
they  gave  the  name  of  incombujlible  linen,  in  which 
they  burnt  the  bodies  of  the  dead,  in  order  to  prefer ve 
their  a(hes,  &c. 

Amianthus  melts,  in  a  ftrong  fire,  into  an  opaque 
coloured  glafs. 


Ckffificathfl  of  Earths  and  Stones 

Species. 

i.  Hard  grey  afbeftos,  with  parallel  threads  j  lig- 
neous afbeftos. 
a.  Hard  greert  afbeftos,  with  parallel  threads. 

3.  Hard  green  albedos ;  its  threads  in  bundles. 

4.  Albedos,  with  diverging  fibres. 

5.  Hard  afbeftos,  with  foft  fibres. 

6.  Hard  amianthus,  with  parallel  greenifh  fibres* 

7.  Hard  amianthus,  with  parallel  white  fibres. 

8.  Amianthus  in  bright  white  bundles. 

9.  Amianthus  in  hard  yellowifh  bundles. 

10.  White  flexible  amianthus. 

11.  Grey  amianthus. 
it.  Mountain  flefh. 

13.  Mountain  leather. 

14.  Mountain  cork. 


DIVISION     II. 
Compound  Earths  and  Stones. 

These  cannot  be  diftinguifhed  by  ocular  obfervation 
from  thofe  of  the  former  divifion.  As  to  the  nature  of 
their  compofition,  they  are  formed  of  an  homogeneous 
matter,  almoft  always  coloured,  generally  opaque,  but 
fometimes  tranfparent ;  mofl  of  them  are  regularly  cryf- 
tallized.  They  are  diftinguifhed  into  genera  by  form 
and  colour.  They  are  all  very  fufible,  and  afford  glafs 
of  various  kinds.  Their  fra&ure  is  fometimes  vitreous, 
fometimes  fcaly.  In  thefe  fubftances  nature  has  com- 
bined together  earths,  falts,  and  metals. 

Bucquet 
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Bucquet  divided  thefe  ftones  into  two  orders :  Un- 
ler  the  firft  he  comprehended  earths  and  ftones  com- 
pounded with  water,  which  he  charaderifed  as  pro- 
Iu<fts  of  that  element.  This  order  again  he  divided 
nto  two  genera,  namely,  ochres  and  zeolite.  Under 
he  fecond  order  he  reckoned  fchorl,  macles,  trap,  a- 
Lure  ftone,  fufible  precious  ftones,  volcanic  cryftals, 
rolcanic  glafs,  and  pumice  ftones :  thefe  eight  kinds  of 
tone  he  conftdered  as  formed  by  the  action  of  fire.  We 
tiave  undertaken  to  give  an  account  of  the  ideas  of  that 
:elebrated  chemift  concerning  the  nature  and  clarifica- 
tion of  ftones ;  but  as  the  diftin&ion  between  thefe 
two  orders  is  net  eftabli(hed  by  a  fufficient  number  of 
:onclufive  fads,  and  as  M.  Bucquet  himfelf  offered 
them  only  as  hints,  we  (hall  here  give  the  hiftory  of 
thefe  genera  fucceffively,  without  dividing  them  into 
orders. 


Genus  I.    Ocbres. 

Ochres  are  lefe  eafily  diluted  in  water  than  clays; 
they  are  friable  and  foil  the  fingers;  they  are  co- 
loured by  metallic  matters,  generally  by  iron.  When 
expofed  to  a  ftrong  fire,  they  affume  a  deeper  co- 
lour :  violent  heat  melts  them.  They  are  ufed  in  paint- 
ing. 


I.  Yellow  ochre, 

a.  Red  ochre,  blood  coloured. 

3.  Green  ochre ;  Verona  earth. 

4.  Brown  ochre ;  Umber  earth. 
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Genus  II.    Zeolite. 

The  zeolite,  firft  defcribed  by  Cronftedt,  is  a  flone 
compofed  of  needles  diverging  from  a  common  centre. 
It  neither  gives  fire  with  fteel  nor  etfervefces  with  acids : 
When  expofed  to  fire  it  fwells  and  produces  a  white 
opaque  glais  refembling  enamel.     By  diftilling  it  in  a 
retort,  a  conliderabie  quantity  of  water  is  obtained. 
.  The  refidue,  according  to  Bergman,  confifts  of  filice- 
ous,  aluminous,  and  calcareous  earth.     Bucquet,  who 
analyfed  it,  mentioned  his  having  found  in  it  a  very 
little  filiceous  earth,  and  a  particular  kind  of  earth  nei- 
ther aluminous  nor  calcareous ;  which  with  the  fulphu* 
ric  acid  afforded  a  fait  cryftallized  in  fmall  Alining  plates, 
refembling  the  boracic  acid,  and  to  which  he  thought 
proper  to  give  the  name  of  zeolilous  earth.     Thefe  two 
earths  are  cryftallifed  together  by  the  help  of  water, 
which  forms  more  than  an  eighth  part  of  the  corapofi- 
tion :   for,  from  an  ounce  of  white  zeolite,  from  the 
ifland  of  Ferro,  M .  Bucquet  obtained  a  dram  aqd  an 
half  of  water  *.     The  property  of  compofing  a  jelly 
with  various  acids  is  not  peculiar  to  it;  azure  (lone, 
tin,  and  feveral  iron  ores,  &c.   are  capable  of  a  fimilar 
compofition  f.     Its  origin  and  formation  are  unknown; 
abundance  of  it  is  found  among  the  produ&s  of  volca- 
noes* 

*  See  hs  Memoir cs  ie  Savans  etr angers  t  Tome  IX*  p.  576. 
f  M.  Pellet  1  er,  apothecary,  a  difciple  of  M.  df  Arcet,  has  given  i* 
the  Journal  de  Pbyjique  (1782,  vol.  XX.  page  42Q.)  a  memoir  on  the 
analyfis  of  the  zeolite  of  Ferro.     He  has  found,  by  the  mod  accurate 
•  experiments,  that  100  grains  of  this  ftone  contain  20  grains  of  alumi- 
nous, 8  grains  of  calcareous,  and  50  of  filiceous  earth,  and  llgrauil 
of  water*     Confuit  that  mtmo\x.— Y  • 
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noes.    There  is  great  plenty  of  in  the  ifle  of  Ferro, 
We  are  aquainted  only  with  five  kinds  of  it. 


1.  White  zeolite,  in  tranfparent  fafces. 
a.  White  zeolite,  in  compad  fafces. 

3.  Red  zeolite. 

4.  Green  zeolite. 

5.  Blue  zeolite.    . 

Neither  the  red,  the  green,  nor  the  blue,  has  yet  been 


Genus  III*    Schorls. 

Schorl  is  a  dark-coloured  (tone,  generally  violet, 
black,  or  green,  very  feldom  white,  fufficiently  brittle, 
and  capable  of  giving  fire  with  fteel.  It  melts  eafily 
into  a  black  opaque  glafs :  it  is,  according  to  Bucquet, 
a  combination  of  iron  and  aluminous  earth.  Bubbles 
have  been  found  in  the  interior  part  of  fchorls,  fimilar 
to  thofe  in  the  flags  of  glafs-houfes. 
%  Its  origin  is  not  very  well  known.  Some  people 
think  it  a  volcanic  produft,  becaufe  it  is  often  found  in 
places  which  have  felt  the  ravages  of  fire ;  but  it  is  like- 
wife  found  among  matters  which  have  been  long  ex* 
pofed  to  the  a&ion  of  water. 

Species. 

1.  Violet  fchorl,  in  cryftals. 
ft.  Violet  fchorl  in  fibrous  mattes. 
3.  Black  fchorl,  in  prifms  of  4,  6,  8,  or  9  fides,   * 

with 
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with  pyramids  of  2,  3,  or  4  faces,  like  tbe 
violet  fchorl. 

4.  Black  fchorl,  in  maffes. 

5.  Green  fchorl,  in  lamellated  mafles. 

6.  White  fchorl,  fomewhat  blueifh. 

7.  Ele&ric  fchorl,  of  a  yellowifh  red,  tourmaline. 

Genus  IV.     Macks. 

Under  this  name  we  comprehend  a  genus  of  (tones,  of 
a  prifmatic  form,  opaque,  dirty -coloured,  and  generally 
of  a  regular  figure.  By  analyfing  them  M.  Bucquet  found 
them  to  be  of  a  nature  nearly  refembUng  that  of  fchorls, 
namely,  a  compound  of  iron  and  aluminous  earth. 

Species. 

1.  Tctrahaedral  made,  the  fedion  of  which  exhi- 

bits the  figure  of  the  crofs.  It  is  found  in  a 
kind  of  hard  deep  blue  fchiftus  of  Brittany,  to 
which  it  adheres  ftrorigly :  it  is  very  brittle, 
and  when  broken  exhibits  on  its  tranfverfc 
feclion  two  blueifh  lines,  cutting  each  other 
in  the  form  of  a  crofs.  Sometimes  tbe  middle 
of  the  prifm  appears  to  be  full  of  a  matter  re- 
fembling  that  of  a  gangue. 

2.  Stones  of  the  crofs;  hexahaedral  prifms,  articu* 

r 

lated  and  crofted  in  the  middle  like  the  arms 
of  a  crofs;  thefe  are  found  in  the  leaves  of 
yellow  mica ;  the  two  arms  never  crofs  each 
_  other  at  right  angles* 

Genus 


wording  to  their  Chemical  Properties.       255 


Genus  V.    Trap. 

Trap  is  kn  hard  (lone  fine  grained,  of  a  foliated  frac- 
ture, and  angular,  like  the  fteps  of  a  ladder.  Its  co- 
lour is  a  deep  green,  approaching  to  black,  often  inclin- 
ing to  the  colour  of  ochre ;  it  is  very  ponderous,  and 
gives  fire  with  ft  eel.  It  melts  into  a  blackifh  glafs,  and 
is  always  covered  with  a  kind  of  cruft  fofter  than  itfelf. 
It  is  a  compound  of  aluminous  earth  and  iron :  Ac- 
cording to  Bucquet  iron  exifts  in  it,  in  the  proportion  of 
twenty-five  pounds  to  the  quintal,  fo  that  it  might  be 

i 

confidered  as  an  iron -ore.  M.  Daubenton  thinks  it  a 
febiftus  containing  quartz  in  fand.  There  is  only  one 
kind  of  trap  known,— that  which  we  have  defcribed. 

Genus  IV.    Azure  St  one* j  Lapis  Lazuli. 

This  ftone  is  clafled  along  with  the  preceding  ge- 
nera, on  account  of  its  colour,  the  finenefs  of  its  grain, 
and  the  quantity  of  iron  which,  from  an  analyfis,  it  ap- 
pears to  contain. 

Species. 

1.  Oriental  azure  ftone. 

2.  Azure  ftone,  of  a  pale  blue,  and  often  purplifh. 

3.  Armenian  ftone,  clouded  with  white  and  pale 

blue. 
The  azure  blue  ufed  in  painting,  which  is  one  of  the 
moil  fixed  and  permanent  colours  known,  is  a  prepara- 
tion of  this  ftone. 

Genua 
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Genus  VII.     Fuftble  Cryftal  Gems. 

M.  Bucket,  in  confequence  of  obferving  the  diF^ 
ferences  of  the  various  kinds  of  gems,  or  precious  (tones 
as  to  chemical  properties,  was  induced  to  arrange  their* 
feparately  under  thofe  divifions  and  orders   to  whicb 
they  feemed  mod  properly  to  belong.    Thofe  which 
we  are  going  to  introduce  in  this  place  are  evidently 
compounds.     Bergman  found  them  to  confift  of  various 
fubftances,    fuch    as    filiceous  and    aluminous  earth, 
lime,  and  iron ;  all  of  them  are  fufible,  and  compofed 
of  laminae.    Their  fra&ure  is  lamellated. 


Species. 

1.  Aqua-marina. 
1.  Emerald. 
31  Cryfolite. 

4.  Ruby. 

5.  Vermilion,  or  Bohemian  garnet* 

6.  Garnet. 


Genus  VIII.     Volcanic  Cryftals. 

Under'  this  genus  Bucquet  comprehended  all  fuch 
ftones  as  are  of  a  regular  form,  tranfparent,  coloured, 
and  fimilar  to  cryftal  gems,  but  po fiefs  not  the  hardnefs 
or  brilliancy  of  thefe  la  ft.  They  are  found  in  cavities 
lined  with  fmall  fparkling  particles  of  the  fame  nature, 
agglutinated  together.  They  are  met  with  in  the 
neighbourhood  of  volcanoes.  We  admit  three  fpecies 
•fthem. 

Species 
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L  Volcanic  chryfolite;  polybaedral  cryftals  of  a 
golden  green. 

2.  Volcanic  hyacinth,  polyhaedral  cryftals  of  an 

orange  yellow. 

3.  Volcanic  garnets,      Thefe  ftrongly  refemble 

fingle  garnets ;  but  they  are  irregular,  and, 
as  well  as  the  two  foregoing  fpecies,  fcattered 
among  brilliant  lavas. 

Genus  IX.  Pumice  Stones. 

Most  pumice-ftones  appear  to  be  a  colle&ion  of  vi- 
rous  threads  wound  up  together,  nearly  like  yarn  on  a 
ic.  The  puraice-ftone  is  really  a  combination  of  va- 
us  fubftances  which  have  been  reduced  to  fufion  by 
5  volcanic  heat. 

Pumice-ftones  may  be  divided  into  four  fpecies;  each 
which  has  many  varieties. 


j.  White  fibrous  pumice-ftone* 
a.  Coloured  fibrous  pumice-ftone* 

3.  Light  cellular  pumice-ftone. 

4.  Compad  cellular  pumice-ftone. 


Genus  X.     Vrfcanic  Glafs. 

The  glafc  melted  and  difcharged  by  Volcanoes  is  a 
cture  of  earthy  and  faline  matters,  coloured  with 
Vol.L  R  irov 


%$$  ClaJjSjicationof  Earths  and  Stones 

iron  or  forae  other  metallic  fubftance.    It  is  adually  % 
natural  chemical  combination  effected  in  the  dry  way. 

Species* 

1.  Greenifh  cellular  glafs. 

2.  Blackifli    cellular   glafs,     or  in   agglutinated 

threads. 

3.  Black  glafs,  very  fine  and  tranfparent;  Ice- 

land agate ;  lapis  obfidianus  of  the  ancients. 


DIVISION    III. 


Mixed  Earths  and  Stones. 


The  chara&eriftics  of  the  ftones  of  this  divifion  are 
eafily  diftinguifhed.  We  can  difcover  merely  by  in- 
fpeftion,  of  what  different  matters  they  confift;  and 
the  more  readily  if  we  compare  them  with  the  ftones 
of  the  two  foregoing  divifions.  We  formerly  obfcr* 
ved,  that,  in  order  to  analize  them,  it  is  firft  neceflaiy  . 
to  divide  the  various  fubftances  with  an  hammer ;  after 
this  operation  is  performed,  they  are  found  to  confift  of 
fimple  united  with  compound  ftones.  If  thefe  mixed 
ftones  be  expofed  unbroken  to  the  adtion  of  fire,  they 
will  melt  with  more  or  lefs  facility  into  a  party-colour* 
ed  glafs,  the  nature  and  colours  of  which  will  be  ac- 
cording to  thofe  of  the  matters  of  which  it  is  com- 
pofed. 

Thefe  ftones  appear  to  have  been  formed  by  the  o- 
nion  of  the  feveral  fubftances  of  which  they  confift,  ef- 
fected either  by  fire  or  water.     On  account  of  this  cir- 

cum&ance,  Bucqutt  Cubdivided  this  third  divifion  iflto 

two 
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two  orders,  as  well  as  the  foregoing.  His  firft  order 
comprehends  mixed  (tones formed  by  water:  the  fecond, 
fuch  as  owe  their  compofition  to  fire.  As  this  fubdivi* 
lion  is  autborifed  by  many  more  fads  than  that  of  the 
fecond  divifion,  we  (hall  follow  it  with  more  confidence. 


Order  I.    Earths  and  Stones  Mixed  by  Water. 

Genus  I.     Petrojilex^  or  Rock/lone* 

Br  this  name  naturaMs  denote  a  ftone  of  an  inter- 
mediate hardnefs  between  foft  (tones  and  filex.  M* 
Daubenton  ranks  it  among  the  vitreous  (tones,  becaufe 
it  fcintillates  with  fteel,  and  its  fradure  is  vitreous, 
though  fometimes  rather  fcaly.  Petro-filex  has  a  kind 
of  faint  or  half  tranfparency  like  wax.  It  is  dufky  and 
deftitute  of  brilliancy,  and  has  even  fomewbat  of  the 
appearance  of  tallow ;  it  is  fine  grained  and  very  com- 
pact ;  it  is  found  in  large  mafles  :  it  fometimes  difplays 
layers  varioufly  (haded,  difpofed  one  over  another.  The 
chemical  charafteriftic  by  which  M.  Bucquet  diftin* 
guifhed  it,  was  its  difpofiiion  to  melt  by  fire  into  ail 
opaque  glafs.  It  is  far  from  being  fo  eafily  difcoverable 
to  be  a  mixture  as  the  following  genera;  it  feemsto 
poflefs  the  chara&eriftics  of  compound  (tones  * ;  and 

Rz  for 

•  I  mad  here  obferre,  that  thefe  chara&eriflics  of  ftofies,  demed 
from  the  manner  io  which  they  are  affeded  by  fire,  are  founded  oa 
experiments  made  by  M-  Bucquet,  in  coojun&ion  with  the  Duke  dc 
Rochcfoocault,  in  an  excellent  furnace  for  fufion,  conftru&ed  on  pur- 
pbfic  io  (he  laboratory  in  which  that  iUuftriotts  cultivator  of  cbe* 
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for  this  reafon  we  rank  it  at  the  head  of  the  third  dtvi. 
lion  :  it  forms  a  kind  of  of  intermediate  ftep  between 
this  and  the  foregoing. 

The  form  of  its  layers,  the  matters  which  they  often 
contain,  and  ftill  more  the  mafies  in  which  it  is  accumu- 
lated in  the  bowels  of  the  earth,  (how  plainly  that  it  owes 
its  origin  to  water. 

'  Species. 

i.  Grey  petro-filex. 

2.  Reddifh. 

3.  Greenifh. 
4   Brown. 

4.  Black. 

6.  Spotted. 

7.  Veined. 

Genus  II.    Pudding-Stone. 

Pudding-Stone  is  a  mixture  of  flints  united  by  a 
cement  of  a  different  nature.  That  cement  is  either 
gritty  or  argillaceous,  or  ochreous;  fometimes  it  is  hard, 
and  refembles  filex. 

Its  formation  is  by  no  means  equivocal ;  it  is  owing 
to  water.  Thefe  (tones  are  always  found  tither  on  the 
fea-fhore,  or  in  places  which  have  been  once  covered 
with  water,  and  afterwards  left  dry. 

Species 

miftry  profecutes  fo  many  refearches  for  the  improvement  of  Ae 
fcience.  I  have  re-examined  iribft  of  the  refultt  of  thefe  experiments, 
which  it  13  to  be  hoped  will  be  one  day  communicated  to  the  public: 
they  will  confirm  the  fine  fcries  of  experiments  made  by  M.  D'Arcett 

and  will  add  to  them  axxumW  *i  &&*,  feroug  to  fupport  Bocquct'i 

arrangement  of  ftoxm. 
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1.  Sandy  pudding-ftone  *. 
a.  Ochrous. 

3.  Argillaceous. 

4.  Siliceous. 

5.  Agatified  ;  fufceptible  of  the  fined  polifli. 

Genus  III.    Granite. 

Granite  is  formed  by  the  union  of  fmaller  or  larger 
fragments  of  three  different  ftony  matters.  Thefe  are 
quartz*,  feldc  fpar,  and  mica. 

On  account  of  the  quartz  and  feldt-fpar  which  it 
contains,  it  gives  fire  with  fteel :  its  fradure  is  irregular 
and  coarfe-grained  :  it  is  iufible,but  in  various  degrees, 
according  as  the  three  component  matters  are  propor- 
tioned in  the  compofition.  It  is  fufceptible  of  a  finer  or 
an  inferior  polifh  according  to  the  finenefs  of  its  grain 
and  the  hardnefs  of  its  principles.  Some  fpecies  of  it 
(offer  alteration,  and  wade  away  by  the  a&ion  of  the 
external  air.  This  lafl  phenomenon  enables  us  to  dil- 
tinguifh  ancient  from  modern  granite.  It  has  been 
fubdivided  into  many  fpecies  :  But  we  fliall  reduce 
them  all  to  the  following  f . 

R  3  Specie* 

•  I  hare  obferved  fome  of  thefe  in  the  very  a&  of  forming ;  while 
thry  were,  yet,  foft  and  flexible,  but,  tough,  and  fufficicntly  cohefive. 
— H. 

f  The  natural  hiAory  of  granites  has  been  much  ftudied  by  modern 
mtoraJifts.  M.  SauiTure,  in  his  Voyage  des  Alpet%  has  communicated 
1  number  of  new  and  important  facts  on  thia  head.  Granites  are  not 
iovariabiy,  formed  of  a  mixture  .o£  ihofe  three  {tone*.  Some  of  tbfjn* 
iaftead  of  mica,  contain  lchorl ;  others  contain  both  {chod  stfftd  i 
it  the  fame  time.     A  mixture  of  quattx  and  fcldt-fpurv  ^tf 
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Species 

i .  White  granite, 

2.  Grey. 

3.  Red. 

4.  Brown. 
3.  Green. 
6.  Black. 

,7.  Dirty  and  friable  granite,  haying  fuffered  alte- 
ration by  the  adlion  of  fire. 

Genus  IV.     Porphyry. 

Porphyry  is  a  ftone  fpeckled  with  fpots  on  a  ground 
pf  red,  or  fome  other  colour.  It  produces  abundance 
of  fparks  when  ftruck  with  ft  eel. 

It  differs  from  granite  in  being  harder  and  fufceptibfc 
of  a  much  brighter  polifh  :  it  feems  to  confift  of  feldti 
fpar  aqd  fchorl,  united  by  a  quartzofe  cement. 

The  pafte  which  conftitutes  the  ground  of  porphyry 
is  of  a  very  fine  clofe  grain  ;  the  other  fragments  uni- 
ted in  it  are  generally  much  fmallcr  than  thofe  of  gra- 
nite. This  ftone  is  fufible  into  a  coloured  glafs.  AH 
thefpecies  of  porphyry  may  be  reduced  to  the  fbUoW- 
ing  feven. 

Species. 

i.  Red  porphyry,  with  large  fpots,. 
a.  Red  porphyry,  with  fmall  fpots. 

3.  Green  porphyry,  with  large  fpots. 

4.  Green  porphyry,  with  fmall  fpots. 

Species. 

third  fob  dance,  conftitutes  groniiine  }.  quartz  and  fchorl  compofejr*** 
tfllc.    See  an  account  g£  thtfe  yuuculata  in  Sauflure't  Fojog  dm  k> 
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5.  Black  porphyry,  with  large  fpots.  1 

6.  Black  porphyry,  with  fmall  fpots. 

7.  Coarfe  porphyry,  of  a  dirty  red,  alraoft  with* 

out  fpots,    nearly  of  the  fame  nature  with 
fand-ftone. 


Genus  V.     Ophites,  or  Serpentine. 

Punt  gave  the  name  of  ophites  to  a  kind  of  Hones 
potted  like  a  ferpent's  fkin.  Bucquet  confidered  thefe 
is  a  kind  of  porphyry,  but  harder,  of  a  more  ancient 
formation,  and  having  their  component  parts  much 
more  intimately  united  than  the  other  kinds.  They 
tiare  likewife  received  the  name  of  ferpentinc,  or  bard 
terpentine.  On  comparing  this  (lone  with  porphyry,  it 
ippears  that  they  are  both  composed  of  a  quartzofe 
pafte,  with  feldt-fpar  and  fchorl ;  but  that  in  ferpen- 
tine  the  fragments  of  feldt-fpar  and  fchorl  are  large  and 
rhomboidal,  while  in  porphyry  they  are  very  fmall. 

Serpentine  gives  fire  with  fteel ;  its  fradure  is  fine 
md  half  fcaly  ;  it  melts  in  the  fire. 
'  The  following  are  mod  of  the  fpecies  of  ferpentine 
irhich  we  have  had  occafion  to  fee. 


1.  Ophites  of  a  deep  green  ground,  with  large 
white  fpots. 

a.  Dark  green  ophites,  with  oblong  fpots  of  a  pa- 
ler green. 

3.  Ophites  refembling  the  preceding  fpecies  ;  its 
fpots  very  fmall,  and  fcarccly  yifiblt  \  UtaKi 

&4  *" 
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Speciei. 

favage  nations  ufe  it  for  money :  it  has  recei- 
ved the  name  of  thunder  Jione. 
4.  Brown  ophites,  with  irregular  oblong  fpbts  of  a 
rofe-coloured  white. 
We  are  almoft  entirely  ignorant  of  the  circumftanccs 
of  the  formation  of  ophites.     We  know  not  even  whe- 
ther it  be  owing  to  fire  or  water.    But  as  they  referable 
porphyry,  we  have  for  this  reafon  placed  them  immc. 
diately  after  that  genus. 


Order  II.    Earths  and  Stones  Mixed  by  Fire. 
Continuation  of  the  Volcanic  ProduEls. 

The  origin  of  thefe  fubftances  is  well  known  ;  they 
are  never  found  but  in  the  neighbourhood  of  volcanoes, 
or  in  places  where  volcanic  fires  have  formerly  exifted, 
Befides,  they  poflefs  all  the  chara&eriftics  of  produds 
of  fire.  Thefe,  together  with  the  compound  (tones  a- 
bove  defcribed,  will  form  a  complete  lift  of  volcanic 
products. 

We  include  not  under  this  name  all  the  matters  which 
are  found  near  volcanoes.  Many  of  them  are  not  al- 
tered by  fire,  fuch  as  mod  of  the  (tones  above  defcribed, 
more  efpecially  granite,  clay,  &c.  as  well  as  many  falinc 
fubftances,  together  with  calcined,  melted,  fublimatcd, 
and  vitrified  matters.  THey  exhibit  nothing  very  re- 
markable, and  were  we  to  defcribe  them  here,  it  would 
becafion  an  unneceffary  repetition.  We  (hall  in  another 
place  take  notice  of  their  exifting  in  the  neighbourhood 
of  volcanoes,  and  of  the  alterations  produced  on  them 
by  iubterraneous  fttt. 


I 
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Genus  I.     Volcanic  AJbcs. 

he  name  of  volcanic  afbes  has  been  improperly 
1  to  a  kind  of  pulverized  earthy  matters  of  various 
irs,  which  are  found  in  the  neighbourhood  of  vol- 
es. They  appear  to  be  compofed  either  of  a  mix- 
of  fubftances  difcharged  from  the  volcano,  or  of 
altered  by  the  action  of  air  and  water,  fiucquet 
ght  them  to  be  combinations  of  iron  and  clay. 
f  are  generally  attracted  by  the  magnet.  We 
r  only  two  fpecies  of  them. 

a. 

1.  Rapillo,  a   pulverized  matter,    of  a  blackifh 

grey,  which  is  found  round  the  edges  of  vol- 
canic craters. 
Rapillo  contains  garnets  and  fchorls,  the  form  of 
which  is  dill  difcernible,  though  their  angles 
have  been  foftened  and  incrufted  by  fome 
matter  in  fufion. 

2.  Fuzzolana.    This  fubftance  has  received  its 

name  from  the  town  of  Puzzoii,  where  it  has 
been  made  ufe  of  fince  a  very  remote  period  : 
it  is  an  argillaceous  earth  impregnated  with 
iron,  and  varioufly  coloured  according  as  it 
contains  a  greater  or  lefs  proportion  of  the 
metal.  There  is  grey,  black,  yellow,  red, 
and  brown  puzzolana.  It  melts  by  fire  into 
a  black  enamel.  It  is  ufed  to  compote 
a  kind  of  cement  or  mortar,  which  poficfies 
the  property  of  becoming  hard  in  water.  M. 
Faujas  de  St  Fond  found  fome  of  it  in  Viva- 
wis.    He  thinks  that  it  is  fornu  J  ' 
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teration  and  attrition  of  porous  lavas,  and 
even  of  bafaltes.  That  philofopher,  in  bis 
researches  on  the  nature  of  puzzolana,  gives 
an  account  of  the  precedes  neceffary  for  build* 
ing  with  it,  both  under  water,  and  where  it 
is  to  be  expofed  only  to  the  a&ion  of  the  air. 

Genus  II.    Lavas. 

This  name  is  given  to  matters  which  have  been  melt- 
ed and  half  vitrified  by  volcanoes.  They  are  ufually 
Scattered  over  the  (ides  of  mountains,  the  interior  parts 
of  which  are  inflamed  over  with  volcanic  foci.  They 
ifiue  from  the  craters  of  volcanoes  in  burning  dreams, 
which  fometimes  overflow  a  wide  extent  of  country, 
carrying  deftru&ion  and  defolation  wherever  they  di- 
rect their  courfe.  So  conliderable  is  their  bulk,  and  fo 
intenfe  their  heat,  that  they  cool  but  very  (lowly,  and  are 
not  quite  cool  till  after  feveral  years.  In  cooling,  they 
crack  and  feparate  into  mafles,  which  are  fometimes  of 
a  regular  form  :  and  thb  feems  to  be  the  origin  of  ba- 
faltes. In  cabinets  of  minerals  there  is  a  great  variety 
of  thefe  (tones.  They  generally  confift  of  a  grey  pafte, 
of  a  lighter  or  a  deeper  (hade  ;  in  grain  and  hardnefs 
fubjedt  to  great  varieties;  with  cryftals  or  irregular 
fragments  of  fchorl,  garnet,  glafs,  zeolite,  &c.  inter* 
fperfed  ;  which  makes  a  true  mixture.  It  is  impoffible 
to  point  out  any  certain  general  properties  of  lavas ; 
for  they  all  differ  from  one  another  in  grain,  cohefion, 
hardnefs,  colour,  compofition,  &c.  They  are  all  ia 
general  very  fufible,  and  afford  a  kind  of  blackifh  ena- 
mel, like  volcanic  glafs.  M.  Cadet  found  them  to  con* 
tain  iron,  copper,  hbA  £\iww&  and  aluminous  earth. 
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Bergman  believed  them  to  confift  of  filiceous,  alumi- 
nous, and  calcareous  earths,  with  a  mixture  of  iron. 
Many  lavas,  and  more  particularly  thofe  which  are  the 
rooft  compad,  poflefs  the  property  of  afting  upon  the 
magnetic  needle. 

Speciei. 

i.  Soft  lava  of  various  colours,  containing  cryftals 

of  black  fchorL 
t.  Soft  lava  of  various  colours,  containing  cryftals 

of  green  fchorl. 

3.  Soft  lava  of  various  colours,  with  cryftals  of 

white  fchorl. 

4.  Reddifh  lava,  with  blackifii  cryftals. 

5.  Yellowifb  faline  lava. 

6.  Soft  lava,  with  garnet  cryftals. 

7.  Porous  lava,  of  a  changing  luftre  (Fr.  Chatoyant.} 

8.  Porous  grey  lava,  volvic  ftone. 

9.  Soft  blackifii  lava,  with  white  cryftals. 

19.  Grey  lava,  foraewhat  compact,  with  duodeca- 
haedral,  opaque  cryftals,  or  garnets  altered  by 
fire. 
II.  Ancient  lava,  very  com  pad:,  of  a  blackifii 
grey,  and  fpeckled  with  fpots  01  a  deeper  co- 
lour.. 

Genus  III.     Bafaltes. 

The  ee  is  nothing  more  inaccurate  in  the  writings 
of  naturalifts,  than  their  descriptions  of  bafaltes.  Some 
have  confounded  both  fchorls  and  garnets  with  this 
fubftance.  There  is  no  where  to  be  found  an  accurate 
definition  of  the  word  bafaltes.    Some  cra&dfct  \hsoi 

* 
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as  produ&s  of  volcanoes ;  others  think  them  to  be 
formed  by  water.  The  experiments  and  observation! 
of  Meffieurs  Defmarets  and  Faujas  de  St  Fond,  induce 
us  to  prefer  the  former  of  thefe  opinions.  Regularity 
of  form,  abfolute  opacity,  and  a  confiderable  degree  of 
hardnefs,  fuch  as  that  it  gives  fire  with  fteel,  a  grey 
afhy  colour,  and  an  evident  mixture  of  fchorls,  or 
fmall  fragments  of  vitrified  matter,  of  a  deeper  colour 
than  the  mafs  through  which  they  are  interfperfed, 
may  be  confidcred  as  the  diftincHve  chara&eriltics  of 
bafaltes.     They  are  likewife  fufible* 

Among  this  genus  there  are  (tones  of  enormous  bulk, 
and  collected  in  vaft  mafles,  which  appear  to  have 
been  formed  at  fome  very  remote  period  in  antiquity. 
Such  are,  i.  The  columns  of  the  Giant's  Caufey  in 
the  county  of  Antrim  in  Ireland.  *.  The  rock  of 
Pereneire  near  St  Sandoux  in  Auvergne,  which  is  very 
accurately  defcribed  by  M.  Defmarets.  There  are  others 
regularly  cryftallifed  in  fmall  prifms  of  three,  four,  or 
five  faces,  &c. :  their  form,  lize,  and  difpofition,  are 
extremely  various. 

They  are  ufually  arranged  in  regular  order,  one  be- 
fide  another.  No  analyfis  of  them  has  yet  been  made 
from  which  any  thing  could  be  determined  concerning 
their  nature.  They  feem  to  be  nothing  but  lavas  ap- 
parently cryftallifed,  in  confequence  of  the  crackf 
which  run  through  them  in  all  directions  while  they 
are   cooling  *.     Their  arrangement  and  amazing  va* 

ritiei 

*  One  theory  which  has  been  received  concerning  the  formation  of 
bafaltes,  is,  thai  when  a  It  re  am  of  lava  pour*  into^the.fea,  tbcuk 
palle  of  the  water  caufc.*  it  u>  cocitiaci  and  fplit  into  regular  figure*. 

But 
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rieties  give  confiderable  weight  to  this  opinion :  it 
appears,  that  water  infinuating  itfelf  into  the 
t,  depoiites  in  them  different  kinds  of  earth,  and 
alters  the  correfponding  fides  of  the  bafaltic  columns : 
and  this  feems  to  be  the  cauie  that  produces  the  yellow 
ot  brown  crufts  with  which  they  are  covered. 


I.  Bafaltes  in  very  long  polygon  prifms,  not  ter- 

minating  in  regular  pyramids. 
1.  Bafaltes  in  fhort  truncated  prifms,  of  three, 

four,  five,  or  feven  faces. 

3.  Bafaltes  in  Ihort  polygon  prifms,  terminating 

on  the  upper  end  in  a  concavity,  at  the 
lower  in  a  convexity ;  articulated  bafaltes. 

4.  Small  bafaltes,  quadrangular,  triangular,  &c. ; 

formed  by  the  fradure  of  the  larger  co- 
lumns, and  united  in  the  fame  group  with 
them  *. 


Genus  IV.    Scoria  of  Lavas.. 

The  melted  matter  of  which  lavas  con  fill  is  a  mix- 
ture of  various  heterogeneous  fubftances,  differing  in 

denfity 

But  the  ingenious  M.  Hone!,  in  his  Voyage  Pitiorefqve,  S£e.  (hows 
thii  theory  to  be  inconfitleut  with  fa&s.  He  propofes  another,  in 
which  he  aicribes  the  formation  of  bafaltic  columns  to  the  heteroge- 
neity of  the  matters  of  which  lavas  are  compofed.  An  ingenious  the- 
ory !  but  not  fufficiently  confirmed  by  facts.  — H. 

•  For  the  hiftory  of  thefe  tlones,  and  all  the  other  produces  of  roU 
canoes,  fee  in  excellent  work  entitled  Mineralogic  des  Vvlcaus,  far  Mm 
Faajas  de  St  Fond.  Paris,  1 784. — F. 

Of  all  the  above  fpecies  of  bafaltic  columns,  there  lit  tyra: 
be  feca  in  the  Kind's  Peri,  near  Edinburgh.— H. 
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denfity  and  gravity.     As  it  is  flowly  cooled,  thefe  fe- 
veral  fubftances  are  feparated,  according  to  their  gra- 
vities.    Hence  the  fcoriae  of  lavas.     Thefe  are  fpongy 
fubftances  which  have  not  been  fo  thoroughly  melted  af 
the  lava,  and  whofe  levity  raifes  them  to  the  furface  of 
the  mafs.     In  other  refpeds  they  appear  to  be  of  the 
fame  nature  with  lava ;  the  only  difference  being,  that 
they  are  a  more  imperfect  mixture.     Scoriae,  as  well  at 
lavas,  are  found  to  contain  fchorl  and  garnet  crjftak 

Species. 

1.  Ponderous  volcanic  fcoriae,  of  a  compad  tex- 

ture, 

2.  Black  cellular  volcanic  fcoriae. 

3.  Black  lpongy  volcanic  fcoriae. 

4.  Black  volcanic  fcoriae,  twilled  like  a  rope. 

5.  %Yellow  ochreous  volcanic  fcoriae. 

6.  Reddifh  volcanic  fcoriae. 

The  two  laft  fpecies  plainly  appear  to  have  fuP- 
fered  alteration  from  the  contad  of  air,  wa- 
ter, and  acid  vapours. 

Such  was  the  claffification  of  earths  and  (tones  which 
Bucquet  thought  proper  to  adopt  in  the  years  1777  and 
1778.  Great  progrefs  has  fince  been  made  in  theche* 
miftry  of  mineralogy.  Stones  are  now  analy fed  io  al- 
moft  every  laboratory.  Meflrs  Bayen,  D'Arcet,  Moo- 
net,  de  Morveau,  Sage,  Mongez,  and  Pelletier,  in 
France ;  Scheele  and  Bergman  in  Sweden ;  Achard, 
Bindheim,  and  Hupfch,  at  Berlin  ;  de  Sauflure  in 
Switzerland  ;  Woulfe,  Withering,  and  Kirwan,  in 
England,  have  examined  a  great  number  of  earths  and 
Rones :  and  in  conference  of  thefe  analyfes,  theclaflU 
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kcation  of  earths  and  (tones  muft  undergo  a  confiderable 
Change.  Two  of  thofe  chemifts  have  therefore  pub- 
Uhed  new  fyftems  of  mineralogy,  in  which  their  ar- 
Hagements  are  founded  on  the  nature  of  the  compo- 
nent principles  of  minerals.  But  their  methods  are 
totally  different  from  that  of  Bucquet,  who  fought  to 
aflbciate  exterior  charaAeriftics  with  chemical  proper- 
ties. Bergman  and  Kirwan  have  paid  no  regard  to 
phyfical  qualities ;  the  nature,  the  quantity,  and  the 
proportion  of  the  component  principles  are  the  par- 
ticulars on  which  they  found  their  arrangements* 
Their  fyftem,  though  it  may  contribute  greatly  to 
the  advancement  of  chemical  knowledge,  cannot  teach 
us  to  diftinguifh  ftones  by  their  appearance  and  fenfible 
Properties.  It  was  therefore  absolutely  neceflary  to 
5*ve,  as  we  have  done,  fome  phyfical  method,  before 
entering  on  the  examination  of  thefe  fyftems.  The  one 
throws  light  on  the  other;  and  they  may  thus  be 
dually  ufeful  to  the  ftudent  of  mineralogy. 


5  II.    Bergman's  Chemical  arrangement  of  Earths  and 

Stones  •• 

*  Bergman,  after  fhowing  that  external  properties,  if 
JBdicioufly  felefted,  may  be  of  u/e  in  forming  a  claffifi- 
^tion  of  minerals,  but  are  not  of  themfelves,/i*//p  ade- 
t*&*e  to  that  purpofe,  eftablifhes  his  principal  divifions 

of 

T*liis  fcction  is  an  extra&  from  Bergman's  work,  publifhed  in 
**^li,  by  M.  Mongez,  nndcr  the  title  of  The  ATuuralogifl's  Ma- 
■*    Ssfc.    F— There  is  an  Engiifb  tranOation  of  afci  I>t\*\- 
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of  clafles  and  genera  on  the  compofition  and  intimate 
qualities  of  tbofe  bodies.  Every  mineral  is  arranged 
by  that  principle  which  is  the  molt  powerful,  or  the 
moil  copious  in  its  compofition  :  all  minerals,  or  foffilii 
are  in  this  fyftem  divided  into  four  clafles;  falts,  earths, 
bitumens,  and  metals.  .  We  ihall  here  take  notice  of 
none  but  the  earths* 

Bergman  acknowledges  five /different  kinds  of  iiropte 
earth ;  terra  ponderofa,  lime,  magnefia,  clay,  and  fili- 
ceous  earth  *. 

He  firft  examines  each  of  thefe  as  pure  earths,  though 
none  of  them  is  ever  found  fuch  in  nature  :  he  ob- 
ferves,  that  thefe  five  earths  combine  into  twenty  diffe- 
rent fpecies,  ten  of  twof  fix  of  three,  three  of  four, 
and  one  of  the  whole  five.    But  he  ranges  among  the 
fpecies  of  earths  all  fuch  of  their  combinations  with 
acids  as  are  not  ioluble  in  one  thoufand  times  their  own 
weight  of  boiling  water;  and  thofe  fpecies  are  thus 
increafed  to  a  vaft  number.     Befides,  two  compound 
earths,  though  made  up  of  the  fame  component  prin- 
ciples, may  differ  widely  as  to  the  proportion  in  which 
thefe  principles  exift  in  them  ;  tfven  fo  much  as  to  be 
effentially  different  in  their  nature.     Thefe  are  the 
grounds  on  which  Bergman  and  his  commentator  the 
Abbe  Mongez,  have  diftinguiflied  earths  into  different 

fpecies, 

*  Three  of  thefe  five  kinds  of  earth  appear  plainly  to  poflefs  ftliae 
properties,  namely,  larytes  or  ponderous  earth,  magnefia.  and  lime} 
and  we  thercfoie  refcrve  the  hiftory  of  them  to  the  feconJ  part  of  the 
work.  Bergman,  whofe  intention  was  to  divide  (tones  according  to 
their  principles,  was  obliged  to  lank  them  among  the  earths,  becade 
they  ate  often  united  with  each  other.  Many  of  the  fubftancea  wbidl 
that  illuflrious  chercult  tat  \ftact&  among  ftonca,  come  ia  oar  mctktt 
to  be  ccsfidcrcd  as  Was. — ^.- 
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fpecies ;  for  Mongez  ha3  made  confiderable  additions 
to  the  labours  of  the  Swedifh  chemift.  The  following 
are  the  fpecies  into  which  they  divide  each  of  the  pri- 
mary earths. 

Ponderous  Earth  *. 


L  Pure  ponderous  earth.  This  is  no  where  to  be 
found  in  nature ;  it  is  obtained,  as  we  (hall 
afterwards  fee,  by  decompofing  ponderous 
fpar. 
II.  Aerated  ponderous  earth ;  a  combination  of 
terra  ponderofa  with  the  aerial  acid.  This 
compound  has  not  hitherto  been  found  in 
nature  :  Bergman  thinks  that  it  may  exift  io 
water  in  a  ftate  of  lolution  f  • 

'HI.  Vitrioldted  ponderous  earth ;  ponderous  fpar: 
a  combination  of  ponderous  earth  with  the 
vitriolic  acid.  Abundance  of  this  iubftance 
is  found  in  mines.  The  Bologna  (lone  is  a 
variety  of  it. 
IV.  Vitriolated  ponderous  earth,  containing  petro- 
leum, mixed  with  felenitev  alum,  and  fili- 
ceout  earth;  the  hepatic  ftone  of  Cronftedt. 
This  is  a  bright  yellow,   brown,   or  black 

Vol.  I.  S  fparry 

•  We*  (hall  here  follow  the  denominations  of  Bergman.  It  will  be 
f»fy  to  refer  ti;e  ancient  names  both  of  earthy  bafts  and  of  the  acids 
\:  naked  with  them,  to  the  new  and  methodical  denomination*  which  we 
"!  sWIl  give  thoic  bodies  in  the  h.itory  of  faliae  matters.  See  the  end  of 
*"-  {bis  volume,  and  trie  fecond. — F. 
"j      f  A  natural  coir-.p^uni  prcc: f:!y  of  ibis  fpccics  hat  been  found  ta 

England  fince  the  death  of  Bergman.     See  the  extract  froai  K.\rwv'\ 
Mineralogy.— F0 


:n 


274  Clarification  of  Earths  and  Stones 

fparry  fubftance;  ftrong  fmelling,  and  not 
effervefcent  with  acids.  A  quintal  of  this 
natural  compound  contains,  according  td 
Bergman,  33  parts  of  filiceous  earth,  29  of 
pure  terra  ponderofa,  and  5  of  clay,  befide 
lime,  water,  and  vitriolic  acid. 

Lime. 

I.  Pure  or  quick-lime.     Bergman  knew  not  whe- 

ther this  fubftance  exifted  in  nature. 

II.  Aerated  lime ;  chalk,  or  calcareous  earth ;  • 

combination  of  lime  with  the  aerial  acid. 
It  often  contains  marine  fait  of  magnefia, 
calcareous  marine  fait,  clay,  and  liliceout 
earth  or  iron.  In  the  bowels,  or  on  the  fur- 
face  of  the  earth,  it  conititutes  lac  lunae,  con- 
gelations, calcareous  (tones,  marbles,  calca- 
reous fpars,  concretions  or  ftala&ites,  &c. 
III.  Bituminous  aerated  lime,  or  lime  impregnated 
with  petroleum ;  fwine-ftone.  It  is  found 
10  France  at  Villers-Cottereta,  Plombieres, 
and  Ingrande  in  Anjou j  at  Rattwik  in  Da- 
lecarlia,  Kinckulle  in  Weftrogothia,  Kraf- 
nafelo  in  Ingermania,  in  Portugal,  in  Swe- 
den, &c.  If  violently  rubbed,  or  heated,  it 
diffufes  a  fetid  fmell,  which  fometimes  af- 
fects the  noftrils  in  the  fame  manner  as 
cat's  urine;  and  fome  authors  have  there- 
fore given  it  the  name  of  lap'u  felinus.  It 
effervefces  with  acids,  decrepitates,  and  lo- 
fes  its  fmell  and  colour  in  fire.    When  dif- 

tillcd 
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tilled  in  large  quantities,  it  affords,  i.  A 
fetid  liquor,  which  turns  the  fyrup  of  vio- 
lets green,  and  effervefces  with  acids ;  2.  A 
blackifh  oil,  of  a  ftrong  fmell,  refembling 
that  which  is  obtained  from  pit-coal ;  3.  Con- 
crete volatile  alkali.  The  refidue  contains  a 
little  marine  fait.  This  fubftance  owes  its  pe- 
culiar properties  to  the  bitumen  mixed  with  it. 
IV.  Fluorated  lime ;  fluor  mineral,  or  vitreous  fpar. 
A  combination  of  lime  with  the  fpathofe  or 
fluoric  acidy  with  a  mixture  of  clay  and  filice- 
ous  earth,  and  a  little  of  the  marine  acid. 
V.  Lime  faturated  with  a  peculiar  acid,  probably 
metallic*;  ponderous  ftone;  Swedifh  Tung* 
fien.  This  is  the  weightiest  of  all  ftones.  It 
is  found  in  fmail  yellow  or  red  grains  in  the 
mines  of  Baftnaes,  near  Kitterhute  in  Weft- 
mania ;  at  Marienburgh  and  Altenburgh  in 
Saxony ;  it  is  fparry,  bright,  and  whitifh.  Ic 
is  often  confounded  with  whitq  tin  ore.  It 
fcarce  yields  to  the  a&ion  of  fire,  and  is  vitri- 
fiable  only  at  the  furface :  it  is  not  foluble  in 
boiling  water j  the  vitriolic  acid  feparates  the 
lime :  by  diflolving  it  in  volatile  alkali,  preci- 
pitated by  the  nitrous  acid,  a  white  powder  is 
obtained,  which  is  the  peculiar  acid  difcover- 
ed  by  Scheele.  In  order  to  recognize  and  dif* 
tinguilh  it  from  other  ftones,  we  mull  firft  re- 
duce it  to  powder,  and  tfien  pour  upon  it  a 

S  a  due 

*  Found  to  be  To.     See  Scheele's  Eflayi,  and  Dt  LBftfCtafc1? 
nf  both  tTMofUtcd  into  Engliftu—tL 
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Species* 

due  quantity  of  the  nitrous  or  of  the  marine 
acid.  This  mixture,  when  genfly  heated,  af- 
i'trmes  a  fine  yellow  coIoimt.  (See  Le  Journal 
de  Pbyfique,  1783,  tome  2,2.) 

VI.  Aerated  lime,   contaminated  *  with  a  fraall 

mixture  of  muriatic  magnefia,  or  marine  fait 
of  magnefia. 

VII.  Aerated  lime,  contaminated  with  clay ;  falfc 

marl. 

VIII.  Aerated  lime,  contaminated  with  filiceoas 
earth.  Some  hewing  (tones  and  marbles  gi?e 
fire  with  fteel,  on  account  of  the  fragment! 
of  file x  or  quartz  which  they  contain. 

IX.  Aerated  lime,  contaminated  with  a  mixture  of 
argillaceous  and  filiceous  earth ;  perfect  marl 

X.  Aerated  lime,  contaminated   with   iron  and 

manganefe :  falfe  white  iron  ore  j  black  and 
dufty,  or  hard,  red,  or  whitifh.     The  mine* 
of  Hallefors  exhibit  thefe  varieties  f. 
» 

Magnefia. 

I.  Pure  magnefia.     This  is  always  a  prod uft  of  art 
II.  Aerated  magnefia,  diffolved  in  water  fat  united 
with  aerial  acid. 

III.  Aerated 

*  The  word  contaminated,  inqvinatus,  is  ufed  by  Bergman  to  de- 
note the  mixture  of  two  or  more  earths,  when  no  real  combiiiaOtf 
take3  place.  We  fhall  therefore  fometimes  fubftitute  the  word  mm 
in  its  place. — F. 

f  All  thefe  fpecies  are  Mine  fubftancei,  which  will  be  dcfcrW* 
the  hiftory  of  £a\u»— T? . 
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■pedes. 

III.  Aerated  magnefia,  mixed  with  filiceous  earth. 

It  fcintillates  and  effervefces. 

IV.  Magnefia,  intimately  combined  with  clay  and 

filiceous  earth  ;  fteatites,  Brian$on  chalk, 
foap-ftone,  lapis  ollaris,  Terpentine,  lapis  ne- 
phriticus. 

V.  Magnefia,  combined  with  a  con  fide rable  por- 

tion of  filiceous  earth,  and  a  fmaller  quantity 
of  calcareous  and  argillaceous  earth,  and  con- 
taminated with  calx  of  iron.  Albedos  ; 
mountain  cork ;  mountain  leather ;  amian- 
thus. Bergman  found  a  quintal  of  amianthus 
to  contain  64  parts  of  filiceous  earth,  i8|ths 
of  magnefia,  6/^ths  of  lime,  6  of  vitriolated 
ponderous  earth,  ^ths  of  clay,  and  J|th 
calx  cf  iron  ;  a  quintal  of  albedos  afforded  67 
parts  of  filiceous  earth,  i6rths  of  magnefia,  6 
of  clay,  6  of  lime,  ^f  of  calx  of  iron. 

VI.  Magnefia  mixed  with  argillaceous  and  filiceous 

earth,  and  with  pyrites  ;  a  kind  of  ore  of  a- 
lum  defcribed  and  analyfed  by  M.  Monnet, 
(Syft.  de  Miner alogie,  genre  9.  page  161  J. 

VII.  Magnefia  mixed  with  argillaceous  and  filiceous 

earth,  pyrites,  and  petroleum ;  magnefian 
aluminous  fchiftus. 

Clay. 

L  Pure  clay.  It  is  precipitated  from  alum  by  ae- 
rated volatile  alkali. 

IL  Clay  mixed  with  filiceous  earth.  Porcelain 
earth  ;  Chinefe  kaolin.  SoU&fbtf  i(*Mn Sav\v- 

S  3  Vcmcv 
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Iriez  in  the  Limoufin,  from  Japan,  and  from 
Saxony.  Pulverulent  clay  from  Weftmania, 
Boferap,  and  China.  Thefe  earths  are  oftea 
mixed  with  mica.  Clays  for  potteries  and 
delft- ware  are  coarfer,  but  of  a  fimilar  nature. 

III.  Clay  mixed  with  iron  and  filiceous  earth.  Boles 

or  bolar  earth,  grey,  yellow,  red,  brown,  and 
black.  Thefe,  when  wafhed,  become  terne 
figillatae.  Common  clays,*  of  a  green,  blue, 
or  red  colour,  are  of  this  fpecies. 

IV.  Clay  mixed  with  filiceous  and  calcareous  earths. 

Argillaceous  marl j  pipe  clay j  agaric  mineral 
or  fulfil. 

V.  Clay  mixed  with  filiceous  and  magnefian  earth. 

Lemnian  earth  ;  fuller's  earth ;  foap-ftone ; 
fme&ites.  Bergman  obtained  from  Lemnian 
earth,  Hampftiire  clay,  and  Englifh  fuller's 
earth,  a  confiderable  quantity  of  filiceous 
earth,  about  fth  of  clay,  and" as  much  aera- 
ted lime,  with  *Vth  of  aerated  magnefia,  and 
the  fame  quantity  of  oxide  of  iron.  He  gives 
to  thefe  earths  the  generic  name  of  litbomarga. 

VI.  Clay  contaminated  with  fulphur  and  vegetable    . 

alkali  :    alum  ore  of  Tolfa   and  Solfaterra. 
Bergman  takes  it  to  be  a  volcanic  produA. 
VII.  Clay  mixed  with  filiceous  earth,  pyrites,  and 
petroleum  ;    aluminous  fchiftus."   It  is  found 
in  Italy,  in  the  diftrid  of  Liege  ;  in  Sweden,    ; 
and  in  Jemteland.     Black  crayons,  fuch  81  { 
thofe  from  Bechel  near  Seez  in  Normandy, 
gjid  \\&  fctmgfclkes%  are  of  this  fpecies.  Tripo* 

Ik  J 
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lis  are  of  the  fpecies  of  aluminous  fchifti,  more 
or  left  burnt.  Such  are  thofe  of  Poligne  in 
Normandy  and  of  Menat  in  Auvergne. 

M.  Mongez  comprehends  under  this  fpecies, 
thofe  fchifti  which  contain  much  clay,  and 
more  or  lefs  (iliceous  earth  and  bitumen.  Moil 
of  them  contain  likewife  a  mixture  of  calca- 
reous earth,  and  effervefce  with  acids.  The 
proportions  in  which  the  component  principles 
are  mixed  in  thefe  fchifti  are  extremely  vari- 
ous. Some  of  them  are  fo  bituminous,  that 
they  burn  with  flame  ;  others  are  full  of  py- 
rites, and  effervefce  in  the  air;  fome  again 
are  exceflively  hard,  and  give  fire  with  fteel. 
M.  Mongez  admits  five  varieties  :  1.  Hard  ar- 
gillaceous fchiftus,  or  writing  flate  :  2.  Soft 
argillaceous  fchiftus,  or  date  for  roofing  houfes : 
3.  Soft  (iliceous  fchiftus,  ufed  in  polifhing  me- 
tals :  4.  Hard  filiceous  fchiftus,  ufed  for  whet- 
ting razors j  fcythe-ftone :  5.  Hard  calcare- 
ous fchiftus,  which  makes  an  indifferent  lime, 
fuch  as  that  of  Allevard  in  Dauphiny. 
VIIL  Clay  combined  with  nearly  half  its  weight  of 
filiceous  earth,  a  little  aerated  lime,  and  foms 
oxide  of  iron  ;  cryftalgems.  Bergman's  fine 
difcoveries  concerning  the  nature  of  cryftal 
gems,  which,  from  their  exceffive  hardnefs 
and  apparent  inalterability,  were  formerly 
though  not  to  be  fufceptible  of  a  chemical  a- 
nalyfis,  have  been  confirmed  by  the  experi- 
ments of  Meffi  s  Margraf,  Gerhard,  and  Achard. 

S  4  T\» 
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The  following  is  the  refult  of  Bergman's  ana- 
lyfis  of  the  five  cryftalgems,  which  are  varie- 
ties of  the  fpecies  w6  are  now  confidering. 

Clay.  Silic.  Lime.  Iron. 
Oriental  emerald  contain*     60     24        8        6  ] 


Oriental  fapphire 
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i    • 
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.     46 

39 
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Oriental  hyacinth 

•       40 
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to 

13 
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Oriental  ruby 

40 

39 

9 

10 

J  " 

The  means  employed  by  this  ingenious  che« 
mift  for  refolving  (tones  into  their  component 
principles,  though  very  ingenious  are  very 
fimple.  (See  le  Journal  de  Pbyfique,  1779, 
tome  14./.  268  i  tome  21.  p.  56  et  101)*. 

IX.  Clay  combined  with  a  portion  of  filiceous  earth, 

equal  to  more  than  half  the  weight  of  the 
whole  mafs,  with  a  very  fmall  quantity  of  ae- 
rated lime  and  fome  iron ;  garnet,  fchorl* 
tourmalin.  In  thefe  (tones  the  proportion  of 
the  iron  variefc.  Seethe  analyfis  of  the  Tour* 
malin  of  Tyrol,  by  M.  Mullen*  Journal  de  Pbp 
Jique,  tome  15.^.  182.  ann.  1780. ..* 

X.  Clay  (lightly  combined  with  half  the  weight 

of  the  mafs,  or  rather  more,  of  filiceooi 
earth,  and  a  fmall  quantity  of  lime  ;  zeolite. 
M.  Mongez  confiders  the  azure  done,  lapis 
lazuli,  as  a  zeolite.  M.  Margraaf  found  • 
fmall  quantity  of  gypfum,  ready  formed  ift 
the  lapis. 


*  Or  tix\v«'ft«^B«sJ\l; 
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XI.  Clay  combined  with  a  confiderable  quantity 
of  filiceous  earth  and  a  little  magnelia ;  talc, 
mica.  The  proportion  in  which  the  princi- 
ciples  exift  in  this  (lone  is  not  yet  perfe&ly 
determined. 

Genus  V.    Siliceous  Earth. 

I.  Pure  filiceous  earth.  This  is  obtained  by  melt- 
ing white  quartz  with  four  parts  of  fixed  alka- 
li, diflolving  the  whole  in  di (tilled  water,  and 
precipitating  the  earth  with  an  acid.  The 
precipitated  earth  is  then  wafhed  and  tho- 
roughly dried. 

it.  Siliceous,  united  with  a  very  fmall  proportion 
of  argillaceous  and  calcareous  earth :  The 
feveral  varieties  of  rock-cry  ftal,  of  quartz,  and 
of  grit-ftone. 

III.  Siliceous,  united  with  argillaceous  earth.  Hy- 
drophanes  chalcedony,  or  oculus  mundi:  ac- 
cording to  M.  Gerhard  of  Berlin,  this  (tone 
contains  a  greater  quantity  of  clay  than  of 
filiceous  earth.  Opal:  M.  Mongez  confiders 
cat's  eye,  fifh's  eye,  and  girafol,  as  varieties  of 
this  (lone.  To  thefe  three  he  adds  agate  and 
its  varieties;  cacholong,  carnelian,  fardonyx, 
gun-flint,  and  jade.  They  have  not  as  yet 
been  analyfed  with  fufficient  accuracy. 

IV.  Siliceous  earth  united  with  clay  ftrongly  im- 
pregnated with  iron ;  jafpen     M.  Mongez 
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confiders  the  finople  as  a  variety  of  the  jaf* 
per. 

V.  Siliceous  earth  united  with  fuch  a  quantity  of 

martial  earth  as  renders  it  ponderous;  falfc 
jafper.  M.  Mongez  calls  this  ft  one  a  me* 
tallic  quartz.  He  diftinguifties  it  into  the 
black  coloured  by  iron,  and  the  red-coloured 
by  copper. 

VI.  Siliceous  united  with  argillaceous  earth,  and 
a  little  lime;  petrofilex.  This  ftone  fome- 
times  gives  fire  with  fteel,  and  effervefces 
with  acids.     It  melts  in  a  ftrong  fire. 

VII.  Siliceous  earth  united  with  clay,  and  a  little 
magnelia  ;  feldt-fpar.  It  fuffers  a  change  of 
colour,  and  melts  in  the  fire.  Air  does  not 
decompofe  it.  It  gives  fire  with  fteel,  and 
breaks  at  every  ftroke. 

VIII.  Siliceous  earth,  united  with  magnefia,  aera- 
ted and  fluorated  lime,  and  a  portion  of  oxide 
of  copper  and  iron;  prafe,  chryfoprafe. 
Bergman  gives  the  compofition  of  this  ftone 
from  an  analyfes  of  it  by  M.  Achard. 

I.    APPENDIX. 

Bergman,  in  his  firft  appendix  treats  of  mineral 
fubftances  mechanically  mixed  or  united,  in  fuch  a  man* 
ner  that  the  principles  of  the  mixture  or  compofition 
may  be  at  once  diftinguifhed  by  ocular  obfervation. 
We  fhall  mention  none  but  mixtures  of  earths  j  fuch  j 
are  the  (tones  known  by  the  name  of  rocks,  faxs.  M.  j 
Mongez*  who  has  made  con  lid er able  additions  to  what 
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Bergman  had  done  on  this  head,  diftinguifhes  thefe 
ftones  or  rocks  into  two  genera.  1.  The  firft,  thofe 
,  whofe  parts  are  not  united  by  any  cement,  but  (imply 
adhere  by  juxta-pofition.  Thefe  are  formed  by  the 
agglutination  of  a  number  of  fragments.  He  diftin- 
guifhes them  into  three  fpecies, — granite,  gneis  of  Sax- 
ony, and  horn-done.  2.  His  fecond  genus  compre- 
hends fuch  mixed  ftones  as  have  their  parts  incrufted 
in  a  common  cement ;  as  is  the  cafe  with  the  four  fpe- 
cies of  porphyry,  ophites,  or  ferpentine,  breccia,  and 
pudding  ftone.  We  fhall  here  give  the  varieties  of  thefe 
ftones  acknowledged  by  this  naturalift. 

L  Granite  is  a  compofition  formed  by  the  union  of 
quartz,  feldt-fpar,  mica,  fchorl,  and  fteatites,  mixed 
in  various  proportions;  confiding  fometimes  of  two  of 
thefe  fubftances,  fometimes  of  three,  and  fometimes  of 
four.     Quartz  is  always  the  bafe. 

'  Variety  I.  Granite  of  two  fubftances ;  granitine. 
A*  Quartz  and  field  t-fpar. 
£.  Quartz  and  fchorl. 

C.  Quartz  and  mica. 

D.  Quartz  and  fteatites. 

Variety  H.  Granite  of  three  fubftances. 

Quartz,  feidt-fpar,  and  mica.  This  is  the  moll 
common,  the  moft  plentiful,  and  the  mod  va- 
ried of  all. 

B.  Quartz,  mica,  and  fchorl. 

C.  Quartz,  fchorl,  and  fteatites. 

Variety 
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Variety  III.     Granite  of  four  fubftances. 

A,  Quartz,  feldt-fpar,  fchorl,.  and  mica. 

B.  Quartz,  feldt-fpar,  fchorl,  and  fteatkcf. 

II.  Gneis  i$  a  mixture  of  qu&rt^,  in  grains,  and  mica 
in  a  greater  or  lefs  proportion,  with  a  confiderable  quao- 
tity  of  clay  or  fteatites,  which  conftitute?  the  bafc  of 
the  ftone.  This  ftpne  is  foliated  like  the  fchiftuft  Ei- 
pofure  to  the  air  foon  alters  and  waftes  it  down,  becaufe 
the  clay  abforbs  moifture.  Many  varieties  of  the  gocu 
are  found  on  the  Alps  of  Dauphiny. 

III.  Horn-rock  is  acompad  ftone,  confiding  of  ve- 
ry minute  particles  of  an  earthy  afpeft,  and  exhibiting 
ever  its  furface  fparkling  points  of  mica.     When  moit  . 
tened  or  (truck,  it  diffufes  a  clayey  fmell.     It  hardens 
in  the  fire  like  clays,  and  when  expofed  to  a  very  ftroog 

%  heat,  melrs  into  a  blackifh  fcoria  or  a  black  glafs.  Its 
colours  are  extremely  various.  M.  Mongez  thinks  the 
Swedifli  trapp  a  variety  of  the  horn-ftone. 

IV.  Porphyry  feems  to  be  compofed  of  a  fine  hard 
parte  of  the  fame  nature  with  red  jafper,  containing  ei- 
ther irregular  or  cryftalline  grains  of  quartz,  of  white  or 
reddiih  feldt-fpar,  and  iometimes  of  green  or  black 
fchorl. 

V.  Ophites,  or  terpentine,  is  a  fpecies  of  porphyry, 
of  a  green  palte,   and  greeniih  white  fpots.     The  fpot*^ 
of  the  ophites  are  generally  oblong  ;  wherea*  'fc 
porphyry  are   fquare  or   rhomboidal. 

ftone  is  a  variety  of  this  fpecies. 
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VI.  Breccia,  from  the  Italian  word  briccia,  a  crumb 
or  fragment.  This  is  a  mixed  ftone  of  a  much  later 
formation  than  any  of  the  above,  formed  of  the  ruins 
of  the  primary  mountains,  of  irregular  worn  pieces  of 
filex,  &c.  united  by  a  common  cement.  M.  Mon- 
ger makes  no  fpecific  dtflindion  between  breccias  and 
pudding-ftones ;  but  gives  to  the  latter  a  compound 
name,  indicating  the  nature  both  of  their  fragments 
and  of  their  cement.  He  diftinguifhes  thefe  ilones  in- 
to eight  varieties  :  The  calcareo-calcareous  breccia, 
under  which  denomination  both  the  breccia  properly 
To  called  and  the  lumachello  are  included  ;  the  fiiiceo* 
liliceous  breccia,  or  the  pudding- ftone*;  the  breccia 
confiding  of  calcareous  and  filiceous  fragments,  with 
a  calcareous  cement ;  the  breccia  with  filiceous  ce- 
ment, and  fragments  of  the  calcareous  and  liliceous 
genus ;  the  arenario-filiceous  breccia, — of  this  variety 
is  the  grey  ftone  of  Chartres ;  the  breccia  with  a  ce- 
ment and  fragments  of  jafper  ;  the  breccia  with  a  ce- 
ment and  fragments  of  porphyry ;  and  the  volcanic 
'breccia. 


n.    APPENDIX, 


Volcanic  Produfts. 


M.  Mongez,  with  Bergman,  divides  volcanic  pro- 
duAf  into  fuch  as  are  formed  by  fire,  and  fuch  as  owe 
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their  origin  to  water.  The  lad  are  nothing  but  earthy 
matters,  which  having  been  diflblved  or  fufpended  in 
water,  are  by  it  depofited  in  places  adjacent  to  volca- 
noes, and  among  volcanic  produces :  of  this  kind  are  the 
calcareous  and  filiceous  incruftations,  as  well  as  the 
zeolites  which  are  often  found  among  volcantzed  fub- 
ftances. 

M.  Mongez  divides  the  genuine  produds  of  volca- 
noes into  three  orders :  i.  Earthy  fubftances,  but  little 
altered  by  fire .;  fuch  as  calcareous,  matters,  clays,  gar- 
nets, hyacinths,  fchorls,  and  mica.  2.  Earthy  fub- 
ftances which  have  been  burnt  and  calcined  ;  fuch  as 
volcanic  afhes  or  rappillo,  and  puzzolana,  the  tufa,  the 
peperino  of  the  Italians,  pumice-ftone,  and  the  white 
earth  which  covers  folfatara.  3.  Earthy  fubftances 
which  have  been  in  a  ftate  of  fufion,  or  lavas  ;  and  of 
theie  he  admits  feveral  kinds, — the  fpongy  lava,  the 
com  pad  lava,  the  lava  in  ftala&ites,  and  volcanic 
glaifcs.  After  thefe  divifions,  he  mentions  fuch  earthy 
volcanic  products  as  are  of  an  uncertain  origin.  Un- 
der this  order  he  reckons  particularly  volcanic  fchorls, 
and  ftill  more  bafaltes,  which  he  takes  to  be  ma  fifes  of 
trapp  foftened  by  the  humid  vapours  of  volcanoes,  and 
flowly  dried  after  thefe  have  ceafed  to  exhale. 

§  III.     Chemical  ClaJJlfication  of  Earths  and  Stones  t  bj 

Mr  Kirwan. 

In  the  year  1784,  Mr  Kirwan*  a  celebrated  chemift  j 
of  London,  publilhed  a  work  on  mineralogy;  in  whi 
he  gives  a  general  claflification  of  miner1' 
on  their  chemical  properties  or  combi 
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part  of  his  work  contains  earths  and  it  ones.  He  gives 
infipidity,  drynefs,  fragility,  incombuftibility,  and  in. 
folubility,  as  the  chara&eriftic  properties  of  thefe  fub- 
ftances.  With  Bergman,  he  diftinguifties  five  genera 
of  fimple  earths, — calcareous  earth,  ponderous  earth 
or  barytes,  magnefia  or  muriatic  earth,  argillaceous 
earth,  and  filiceous  earth.  From  a  chemical  analyfis, 
be  arranges  all  known  earths  and  ftones  under  thefe 
five  genera. 

CALCAREOUS    GENUS. 
To  this  he  refers  twelve  fpecies. 

Species. 

I.  Calcareous  earth,  not  combined  with  any  acid; 

virgin  lime  of  volcanoes.  Falconer  on  Bath 
Waters,  vol.  i.  p.  156,  157/  MonneU  Mine* 
ral.  p.  515. 

II.  Calcareous  earth,  combined  with  aerial  acid. 

Its  varieties,  which  he  arranges  in  two  feries, 
are  tranfparent  calcareous  fpar,  opaque  fpar, 
ftalaftites,  tophi,  incruftations,  petrifa&ions, 
agaric  mineral  or  gbur,  chalk,  limeftone,  and 
marbles.  Bay  en,  Journal  de  Pbyfique,  tome  ii. 
/>.  496. 

III.  Calcareous  earth  combined  with  the  vitriolic 
acid,  gypfum,  felenite,  or  plafter  #.  He  ad- 
mits two  feries ;  the  tranfparent  and  the  opa- 
que. 

IV.  Calcareous  earth  combined  with  the  fparry  a- 
cid,  fluor  fpar,  petuntze  of  Margraf.    Series 

-  I. 
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I.  Tranfparent  flu  or  fpars :  H.  Opaque  fluor 
fpars. 

V.  Calcareous  earth  combined  with  the  acid  of 

tungften.  Tungften  or  ponderous  ftone. 
Woulfe,  Pbil.  Tranf.  1779,  ^.  a(S.  ,•  Schick's 
EJfays. 

VI.  Aerated  calcareous  earth,  mixed  with  a  dis- 
cernible quantity  of  magnefia.  Var.  I.  Com- 
pound fpar,  defcribed  by  Mr  fVouJfe,  Phil. 
Tranf.  1779,  p.  29.  II.  Creutzwald  (lone, 
analyfed  by  M.  Bay  en  f ,  Jour,  dc  Pbyf  tome 
xiii.  p.  59. 

VII.  Aerated  calcareous  earth,  mixed  with  a  dis- 
cernible quantity  of  clay.  Var.  I.  Calca- 
reous marl.  II.  Traveftino,  margodes, 
ftony  marl.  Ferber's  Travels  in  Italy,  p.  117, 
119. 

VIII.  Aerated  calcareous  earth,  mixed  with  a  dif- 
cernible  quantity  of  ponderous  earth  >  barytic 
marl  of  Derby  (hire. 

IX.  Aerated  calcareous  earth,  mixed  with  a  dis- 
cernible portion  of  filiceous  earth.  Var.  I. 
Stellated  fpar.  II.  Calcareous  grit;  hard 
free-ftone,  Moilon.  Monnet%  Mineralogy,  p. 
116. 

X.  Aerated  calcareous  earth,  mixed  with  a  fmall 

quantity  of  petroleum.     Swine-ftone. 

XL 

fit  would  be  fuperfluoiiB  to  give  here  the  proportions  in  which 
the  fcveiai  principles  are  united  in  ,thefe  ftones,  at  we  will  luveocct* 
fion  to  mention  them  in  the  chemical  hiftory  of  falts.  We  (fnfign* 
the  proportions  only  in  Mr  Kir  watt's  two  UftgCBCfa,  whisJl.wX 
Mcr  as  genuine  car\\i*.— Y. 
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Specie*, 

XL  Aerated  calcareous  earth,  mixed  with  a  dis- 
cernible quantity  of  pyrites ;  pierre  de  Su 
Ambroix%  analyfed  by  the  Baron  de  Servieres, 
Journ.  de  Pbyf.  tome  xxi.  p.  394. 

XII.  Calcareous  earth,  mixed  with  a  difcernible 
portion  of  iron.  Var.  I.  Aerated  calcare- 
ous earth  impregnated  with  iron,  Rinman, 
Mem.  de  Stock.  1754.  II*  Tungften  im- 
pregnated with  iron,  Cronftcdt,  Mem.  de 
Stock.  175 1. 

To  thefe  twelve  fpecies  of  calcareous  earth,  Mr  Kir. 
wan  adds  fix  fpecies  of  compound  (tones,  in  which  cal- 
careous earth  predominates,     i.  Mixtures  of  the  Am- 
ple calcareous  fpecies,  fuch  as  felenite  and  chalk,  vitre- 
ous fpar  and  tungften.     2.  Compounds  made  up  of  the 
calcareous  and  barytic  fpecies.     Of  this  kind  is  a  yel- 
low (lone  of  Derby (1) ire,  formed  of  chalk  with  fmall 
lumps  of  ponderous  fpar.     3.  Compounds  of  the  calca- 
reous and  magnefian  fpecies ;  white  marble  mixed  with 
fteatites,  the  pietra  telcbina%  and  the  verde  antico.     4, 
Compounds  of  the  calcareous  and  the  argillaceous  fpe- 
cies, of  chalk  and  fchiftus;  fuch  as  the  green  campan 
of  the  Pyrenees,  the  red  campan,  Florence  marble,  the 
griottc,  the  amandula,  the  cipolin  of  Rome  (fee  Bayent 
Journ.  de  Pbyfique,  tome  xi.  p.  499.  801,  et  tome  xii# 
f>*  Slt  56,  et  57.) ;  of  chalk  and  mica,  as  the  cipolin 
marble  of  Autun,  the  macigno,  the  pietra  bigia,  and 
the  columbinaor  tare  bin  a  of  the  Italians.  j.  Compounds 
of  the  calcareous  and  the  filiceous  fpecies ;  fcintillating 
marbles,  marble  with  a  mixture  of  lava.    6.  Laftly, 
Yof,,  I.  T  coto^<hk\&* 
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compounds  of  calcareous  earth,  with  two  or  more  of 
the  other  genera  ;  fuch  as  calcareous  porphyry,  and  the 
lime-ftone  mixed  with  mica. 


BARYTIG   GENUS. 
Under  this  genus  he  reckons  fix  fpecies. 

Species* 

I.  Ponderous  earth  combined  whh  the  aerial  acid. 

A  (lone  found  by  Dr  Withering  on  Alfton 
Moor  in  Cumberland. 

II.  Barytes  combined  with  the  vitriolic  acid.  Pon- 

derous fpar. 

III.  Barytes  combined  with  the  fpathofe  acid. 
This  fubftance  exifts  not  in  nature,  but  is  a 
produft  of  art. 

IV.  Barytes  combined  with  the  acid  of  tungften. 
This  is  obtained  in  the  fame  manner  as  the 
preceding. 

V.  Aerated  barytes,    mixed    with  a  difcerniblc 

quantity  of  filex  and  iron.     Bindheim. 

VI.  Ponderous  fpar,  mixed  with  filex,  mineral  oil, 

and  earthy  falts.    Hepatic  (lone,  white,  grey, 
yellow,  brown,  or  black. 

MURIATIC  or  MAGNESIAN  GENUS. 

Mr  Kirwan  reckons  eight  fpecies  of  this  genus,  ar-' 
ranging  under  it  both  thofe  earths  and  ftones  in  which 
magnefia  predominates,  and  thofe  which,  though  con- 
taining more  lilex  than  magnefia,  yet  exhibit  all  the 
characteristics  of  the  magnefian  genus. 


i-  < 


according  to  their  Chemical  Properties^        49 1 


I.  Magnefia  combined  with  the  aerial  acid,  and 
mixed  with  other  earths.  Van  I.  Mixed 
With  filex  ;  Jpuma  maris.  The  Turkifh  to- 
bacco-pipes, and  the  Canadian  pipe,  are 
compofed  of  this  fubftance.  II.  Mixed  with 
calcareous  earth  and  iron ;  olive-coloured 
and  bluifh  earth  near  Thionville*  III.  Mix- 
ed with  clay,  talc,  and  iron;  greenifh  yel- 
low Silefian  earth. 

IL  Magnefia  combined  with  the  atrial  acid,  with 
above  four  times  its  weight  of  filex,  and  a 
fmall  proportion  of  clay.  Var.  I.  Steatites. 
U.  Lapis  ollaris. 

III.  Aerated  magnefia  combined  with  filex,  cal- 
careous earth,  and  a  fmall  proportion  of  clay 
and  iron .  Var.  I.  Fibrous  Afbeftos.  II.  Co* 
riaceous  albedos ;  mountain  cork. 

IV.  Aerated  magnefia,  combined  with  filex,  aera- 
red  calcareous  earth,  bary  tes,  day,  and  iron. 
Amianthus. 

V.  Pure  magnefia,  combined  with  a  quantity  of 

filex,  more  than  equal  to  its  own  weight,  a 
third  part  of  clay,  nearly  a  third  of  water, 
and  one  or  two  tenths  of  iron.  Serpentine, 
lapis  nepbriticus •,  Italian  gabro. 

VI.  Pure  magnefia,  combined  with  twice  as  much 
filex,  and  lefs  than  an  equal  quantity  of  clay. 
Venetian  talc,  Mufcovy  talc. 

VII.  Magnefia  combined  with  the  fparry  acid. 
This  lubftance  is  not  found  in  nature. 

V1IL  Magnefia  combined  with  the  acid  of  tw&v 
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ften.    This  fubftance  is  not  known  to  exift 
in  nature. 

To  thefc  eight  fpecies,  Mr  Kirwan  adds  five  others, 
compounds  in  which  magnefia  predominates,  i.  Com- 
pounds of  the  feveral  fpecies  of  magneiia  with  one  ano- 
ther; fteatites  and  talc,  Brian^on  chalk;  ferpentinc 
with  fteatites  or  afbeftos.  2.  Compounds  of  the  mag- 
nefian  with  the  calcareous  fpecies  ;  red  or  yellow  Ter- 
pentine, with  fpots  of  white  calcareous  (pax9potzovera; 
the  black  is  the  Nero  diprato,  and  the  green  the  verdc 
difuza  of  the  Italians.  3.  Compounds  of  the  magne- 
fian  and  the  barytic  fpecies  ;  ferpentines  with  fpots  or  ' 
veins  of  ponderous  fpar.  4.  Compounds  of  the  mag- 
nefian  and  the  argillaceous  fpecies;  fteatites  mixed 
with  clay,  mica,  or  fchiftus.  5.  Compounds  of  the  ; 
magnefian  with  the  filiceous  fpecies ;  ferpentine  veined 
with  quartz,  feldt-fpar,  or  fchorl, 

ARGILLACEOUS    GENUS. 
Mr  Kirwan  reckons  fourteen  fpecies  of  this  genus. 

tpccici. 

I.  Clay  faturated  with  the  aerial  acid  ;  lac  luna, 

according  to  Schreber's  analyfis. 

II.  Clay  combined  with  the  aerial  acid,  and  mix- 

ed with  filex  and  water ;  potter's  clay,  pipe 
and  porcelain  clay,  &c. 

III.  Clay  faturated  with  the  vitriolic  acid ;  em* 
bryon  alum  in  fcales  like  mica.     Baumi. 

IV.  Clay  faturated  with  the  marine  acid;  marifi 
emhryon  alum. 


.  1 ; . 
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tties. 

V.  Clay  combined  with  about  one  part  and  an 
half  of  filex,  nearly  one  part  of  magnefia, 
and  half  a  part  of  dephlogifticated  iron; 
mica. 

VL  VII.  VIII.  IX.  Clay  combined  with  filiceous 

earth,  magnefia,  calcareous  earth,  iron,  or  a 

bitumen;   flate,  blue  fchiftus,  pyritous  fchif- 

tus,    bituminous    fchiftus,    and    argillaceous 

*    fchiftus. 

X.  Clay  combined  with  a  little  filex,  magnefia, 
and  calcareous  earth,  with  a  quantity  of  iron 
calx,  nearly  equal  in  weight  to  the  clay  ; 
horn-ftone,  or  horn-blende. 

XL  Clay  combined  with  a  quantity  of  filex  equal 
to  four  times  its  own  weight,  with  half  its 
weight  of  calcareous  earth,  and  fomewhat 
more  than  its  weight  of  iron  ;  toadftone. 

XII.  Clay  united  to  from  twice  to  eight  times  its 
own  weight  of  filex,  half  its  weight  of  lime, 
and  once  or  twice  its  weight  of  water;  zeo- 
lite. 

XIII.  Clay  united  with  four  times  its  own  weipit 
of  filex,  and  one  third  of  iron ;  pitch-ftone, 
lava. 

XIV.  Clay  mixed  with  a  difcernible  portion  of 
red  iron  calx,  and  fometimes  with  lteatites ; 
red  chalk. 

To  tbefe  Mr  Kirwan  adds  fix  compound  fpecies  in 
ttch  the  argillaceous  genus  predominates. 


r 


• 
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SILICEOUS    GENUS. 

This  genus  in  Mr  Kjrwan's  fyftem,  comprehends 
twenty-fix  fpecies, 

Species, 

I.   Siliceous  earth  nearly  pure;   quartz,  cryflal 

(and. 
JI.  Siliceous  earth,  with  one-fourth  clay,  and  one< 
fortieth  calcareous-earth ;  filex,  gun-flint.  See 
Weigleb.  Act.  nat.  Curiaf.  (.  6.  p.  408, 

III.  Siliceous  earth,  with  from  one-fourth  to  one- 
third  clay,  and  from  one-twelfth  to  one-fjf* 
teenth  calcareous  earth ;  petrofilex, 

IV.  Siliceous  earth,  with  one-third  clay,  and  one* 
fixth  or  one-feventh  iron  calx  ;  jafper. 

V.  Fine  filiceous  earth,  mixed  in  various  propor* 

tions  with  iron  and  other  earths ;  agate,  opal, 
chalcedony,  onyx,  carnelian,  and  fardonyx. 
Precious  (tones  of  the  fecond  order. 

VI.  Siliceous  earth,  with  from  an  equal  quantity, 
to  nearly  three  times  its  own  weight  of  clay, 
from  a  fixth  part  to  an  equal  quantity  of  calca- 
reous earth,  and  from  one-eighteenth  to  an 
equal  quantity  of  iron;  ruby,  topaz,  hyacinth, 
emerald,  fapphire.  Precious  (tones  of  the  firit 
order. 

VII.  Amethyft.  The  principles  of  its  compofition 
are  not  yet  known.  ■ 

VIII.  Siliceous  earth,  with  one  fifty-fifth  of  cftt  J 
careous  earth,  a  fmaller  quantity  ofmagoe 
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fia,  and  a  very  fmall  quantity  of  iron,  copper, 
and  fparry  acid ;  chryfophrafe. 

IX.  Siliceous  earth,  with  blue  fluor  fpar,  and  a 
little  gypfum;  lapis  lazuli.  M.  Margraf 
found  in  it  chalk,  gypfum,  filex,  and  iron. 
M.  Rinman  obferved  it  to  contain  a  portion 
of  the  fparry  acid. 

X.  Jade.     M.  Kirwan  conje&ures.  it  to  confift  of 

filex,  magnefia,  and  iron. 
XL  Siliceous  earth,  with  clay,  ponderous  earth, 
and  magnefia ;  feldt-fpar,  petuntze,  and  La 
bradore  ftone.     ico  parts  of  feldt-fpar  contain 
67  parts  of  filex,  14  of  clay,  1 1  of  ponderous 
earth,  and  8  of  magnefia. 

XII.  Siliceous  zeolite.  This  fubftancc  is  found  ac 
Maeffiberg.  It  differs  from  the  true  zeolite 
in  giving  fire  with  fteel,  which  the  other  does 
not ;  and  this  property  is  a  proof  that  filex 
is  one  of  its  principles. 

XIII.  Siliceous  earth,  with  clay  equal  to  more 
than  a  third  part  of  its  weight,  and  one-ninth 
of  chalk,  with  no  iron ;  white  garnet  of 
Mount  Vefuvius.  100  parts  of  it  contain,  ac 
cording  to  Bergman,  55  of  filex,  39  of  clay, 
and  6  of  chalk. 

XIV.  Siliceous  earth  with  clay,  chalk,  and  one- 
tenth  of  iron,  garnet*  Bergman  fays  that 
100  parts  of  this  ftone  contain  48  of  filex,  30 
of  clay,  12  of  calcareous  earth,  and  10  of 
iron. 

T4.  XV. 
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Species. 

XV.  Siliceous  earth,  with  a  good  deal  of  clay*- 
nearly  one-tenth  of  chalk,  and  a  little  iron 
and  magnefia ;  fchorl. 

iVI.  Bar  fchorl,  Germattfiangen /boerl j  found  by 
M.  Flchtel  on  the  Carpathian  mountains.  It 
is  found  among  lime-ftone,  is  of  a  prifmatic 
form,  and  gives  a  flight  effervefcence  with 
acids.  M.  Bindheim  obtained  from  100  parts 
of  this  fchorl,  61  of  lilex,  it  of  chalk,  6  of 
clay,  5  of  magnefia,  I  of  iron,  and  3  of  water. 

XVll.  Tourmalin.  The  following  are,  according 
to  Bergman,  the  proportions  of  the  princi- 
ples of  the  tourmalins  of  Tyrol,  Ceylon,  and 
Brazil. 

Clay.    Sil.  CaI.E.  Iron. 
Ton  ratal  in  of  Tyrol     42     40     12     6 

»    of  Ceylon  39     37     15     9C  icodth  part* 


of  Brazil    50     34     11     5 


XVI II.  Bafaltes,  trapp,  100  parts  contain,  ac- 
cording to  Bergman,  52  of  filiceous  earth,  15 
of  clay,  8  of  calcareous  earth,  2  of  magnefia, 
and  15  of  iron* 

XIX.  Rowly  rag.  A  grey  granulated  fton£, 
which  heat  renders 'magnetic  and  melts,  and 
which  in  the  air  acquires  an  ochreous  crufl* 
100  parts  of  it,  according  to  Withering,  con- 
tain 47.5  of  filiceous  earth,  32.5  of  clay,  and 
20  of  iron,  »  , 

XA.  Silex,  clay,  iron,  and  calcareous  earth*  melt* 
ed  together  by  volcanic  fire*  « 
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1.  Cellular  lavas,  improperly  called  pumice* 
(tones.  Thefe  have  been  very  imperfedtly 
melted.  Bergman  found  them  to  contain 
from  AV  to  TvSr  of  filex,  from  ^  to  tA-  of 
iron,  tot  or  tsv  of  pure  calcareous  earth  ; 
and  the  reft  of  the  compofition,  clay. 

2.  Compact  lavas.  Thefe  have  undergone  a 
fecond  fufion,  and  have  therefore  but  few 
cavities.     They  found  when  (truck. 

3.  Vitreous  lavas,  or  lava  entirely  melted  into 
black,  green,  blue,  &c.  glafs.  M .  Sauffuie, 
by  melting  together,  moreorlefs  thorough- 
ly, certain  quantities  of  horn-rock,  marl, 
and  fchiftus,  has  produced  imitations  of 
thefe  lavas.  (Voyage dansles  Alpcs, p.  uj). 

XXI.  Siliceous  earth,   united   with  about  a  tenth 

part  of  magnefia,  and  a  very  fmall  portion  of 

calcareous  earth  ;  pumice  (tone. 
SLXJI.  Siliceous  earth,  with  lefs  than  its  own  weight 

of  magnefia  and  iron  ;  martial  magnefian  fpar. 

Fifolite  found  at  Sainte  Maire,  by  M.  Maret. 

XXIII.  Siliceous  earth,  with  one  third  its  own  weight 
of  agrated  calcareous  earth  ;  Turkey  ftone. 
Oil  hardens  it. 

XXIV.  Siliceous  earth,  mixed  with  a  little  iron  and 
calcareous  earth.     Rag-done. 

XXV.  Quartz  confolidated  with  lefs  than  its  own 
weight  of  calcareous  earth  or  clay,  and  a  lit- 
tle iron  ;  grit  reducfole  to  fand  by  pounding 
Var.  I.  Grit  with  a  calcareous  cement ;  of 
Fonuioeb)  with  acids*    II. 
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Species 

With  an  argillaceous  cement.  This  variety 
docs  not  effervefce.  It  is  ufed  for  building, 
for  whet-ftones,  and  for  filtering  water,  &c. 
XXVI.  S.liceous  earth  confolidated  with  femi-phlogif* 
ticated  calx  of  iron ;  brown  or  black  fcintil- 
lating  ftone,  which  becomes  red  and  exfoli- 
ates in  the  air.  Semi-phlogifticated  iron  ag- 
glutinates earths  ;  but  ironf  when  very  much 
calcined,  poffefles  not  the  fame  agglutinative 
power.  This  fad  has  been  demon  ft  rated  by  ■ 
JVJeflrs  Edward  King  and  Gadd. 

To  thefe  twenty-fix  fpeciesof  the  filiceous  genus,  Mr. 
Kirwan  annexes  fix  other  fpecies  in  which  that  earth 
predominate?.  The  varieties  which  he  includes  under 
thefe  fpecies,  are  comppunds  frequently  found  in  moun- 
tains of  ancient  formation.  The  Englifh  chemift  draws 
this  fupplement  to  the  filiceous  genus  from  M.  Saufiure's 
obfervations  on  the  Alpsf  Among  thefe  varieties  are, 
the  feveral  kinds  of  granite,  pudding. (tones,  granitelloes, 
granitines,  porphyry,  gneisf  variolite,  &c  #. 

CHAP. 


*  Since  the  publicatidn  of  the  fourth  edition  of  M.  FooiCfort 
work,  Mr  Kirwan  has  publifhed  a  new  edition  of  bit  Element!  of  Mi- 
neralogy, in  which  bis  fyftem  is  greatly  altered  and  enlarged. 

In  this  edition  be  enumerates  nine  Ample  earths,  the  calcareous,  the 
barytic,  the  magncfian,  argill,  the  filiceous,  the  Scottifh,  thejargoaic, 
the  adamantine ;  but  not  without  intimating  a  fufpicioo9  that  the 
four  laft  may  be  modification*  of  fome  of  the  five  fir  (I. 

In  addition  to  the  chemical  characters  which  he  before  employed  sloat 
in  his  arrangement  of  Hones,  he  has  now  adopted  from  the  illuftrios* 
Werner,  the  x$t  alio  of  the  external  phjfical  charaScn,  indicated  ty 
that  natuuhft.  . 
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The  external  charaSers  which  Kirwan  here  employs,  are,  colour t 
lhape,  lufire,  tranfparency%  texture,  cohefion,  denfity,  adhefion  to  the 
tongue  or  fingers,  and  general/**/,  colour  of  a  flrcak,  absorption  or  dif- 
f*fii>*  in  water,  fmell,  and  tqfle. 

The  internal  char  afters,  are,  relation  to  acids,  changes  operated  in  a  low 
beat,  fufibilisy  and  other  changes  in  higher  degrees  of  heat,  pbofpboref- 
eaut,  magnetifm,  eleSrkity,  and  therefults  of  ajuft  analyfig. 

He  gives  very  ample  tables  of  the  fufibility  of  the  fimple  earths* 
nixed  in  various  proportions,  in  heats  not  exceeding  1660.  of  Wedge- 
wood's  pyrometer. 

His  primary  genera  confift  of  earths  and  ftones  having  an  Homoge- 
meous  afped. 

The  fpecies  of  the  calcareous  genus,  are  now  augmented  to  the  num- 
ber of  thirteen,  and  are  all  confidently  altered  in  the  defcriptions  of 
them,  and  in  their  arrangement  in  the  table. 

The  fpecies  of  the  barytic  genus  are  now  reduced  to  three;  barolite  or 
aerated  barytes ;  barytes  combined  with  the  vitriolic  acid ;  and  the 
liver-  ftone,  or  lapis  hepaticus.  * 

The  fpecies  of  the  magnefian,  or  muriatic  genus,  are  now  increafed  to 
twenty. 

The  argillaceous  genus  is  divided  into  two  clajfet ;  the  Jirft  compre- 
hending argillaceous  earths  liable  to  moulder  in  water,  and  fubdivided, 
not  into  fpecies,  but  intone  tribes ;  the  fecond  containing  argillaceous 
ftones  not  liable  to  moulder  in  water, and  fubdivided  into feventeen fpecies* 

The  fpecies  of  the  filiccous genus  are  now  augmented  to  forty-four* 

Thcflrontian  or  Scott ifb genus  confifts  of  but  afingle  fpecies. 

The  jargonu  genus  has  no  fpecies,  fave  only  the  jargon  of  Ceylon. 

The  Sydneian  is  not  more  diverfined  than  the  two  lad  foregoing  ge+ 
mera. 

The  adamantine  genus  has  but  the  fingle  fpecies  of  adamantine  fpar, 
diversified  into  three  varieties. 

From  the  discrimination  and  hiftory  of  thefe  homogeneous  earths 
mod  ftones;  Mr  Kirwan  next  proceeds  to  examine  aggregated  flones; 
which  he  defines  to  be  "  ftones  vifibly  involving  two  or  more  hetero- 
«*  genous  fubftances>  either  adhering  together,  or  inhering  one  in  the 
u  other."  Of  this  character,  he  enumerates  and  defcribes  granite, 
fienite,  granatine,  granitell,  granilite,  gneifs,  (hiftofe  mica ;  porphyry, 
jafper  porphyry,  hornftone  porphyry,  pitchftone  porphyry,  obfidian 
porphyry,  horn  porphyry,  petunfe,  petunfe  porphyry,  clay  porphyry, 
hornblende  porphyry,  trap  porphyry,  wacken  porphyry,  mullen  por- 
phyry, kragg  porphyry,  argillitic  porphyry,  novaculitc  porphyry,  pit- 
ftone  porphyry,  ferpentine  porphyry,  granite  porphyry,  fandftone  por- 
phyry, amygdaloid!  pudding.ftone ;  calcareous  fandftone,  argillac&oM* 
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fandftones,  Gliceous  fan  d  (tones,  ferruginous  fandftonet,  rubleftone,  bre. 


ci  as. 


After  thefe  follow  the  eiertvathesf  which  are  defined  a*  "  feeming 
"  to  participate  of  the  nature  of  two  or  perhaps  more  heterogenous 
•*  foflils;  without,  however,  any  vifible  feparation of  one  from  the  other." 

In  thefe  appendices,Mr  Kirwan,  examines,  i.  diamond,  and  2.  volca- 
nic produces  ;  and  3  gives  an  account  of  the  chemical  analyfis  of  earths 
and   (lones. 

The  fecond  volume  of  this  valuable  work,  in  which  the  author  pre* 
mifes  to  treat  of  fa  line  inflammable  and  metallic  fuflanccs,  is  impatiently 
cxpe&cd  by  the  public — H. 


CHAP. 


CHAP.      IV. 

Of  the  Chemical  Analyfii  of  Earths  and  Stones. 

r1  HOUGH,  within  thcfc  few  years,  the  chemical 
*•  analyfis  of  earths  and  (tones  has  been  much  more 
iduftrioufly  profecuted  than  at  any  former  period,  yet 
ill  it  mud  be  confefled,  that  our  knowledge  of  their 
omponent  principles  is  far  from  being  fufficiently  ex- 
rnfive  or  accurate,  to  be  aflumed  as  the.  foundation  of 

methodical  arrangement  of  them.  Hence  the  diver- 
tty  of  the  chemical  claffifications  of  thefe  fubftances 
rhich  have  been  hitherto  offered  to  the  public ;  and 
or  this  reafon  have  we  been  induced  to  give  an  account 
if  the  different  methods  fucceffively  propofed  by  three 
celebrated  chcmifts  in  the  courfe  of  a  very  fhort  period 
)f  time. 

The  chief  advantage  which  has  been  gained  from 
the  various  refearches  of  late  made  into  the  nature  and 
:omponent  principles  of  earths  and  (tones,  is  the  difco- 
rcry  of  proper  means  for  diftinguifhiug  thefe.  The 
let  hod  of  analyfing  thefe  fubftances  is  not  a  little 
>mplex ;  and  I  mean  to  give  only  a  general  account 

it  in  this  chapter.  In  fad,  as  the  ftudent  of  che- 
iftry,  who  has  read  only  the  foregoing  part  of  this. 
:>rk,  though  acquainted  in  fome  degree  with  the 
'cnomena  of  fire,  air,  and  water,  muft  be  txixxttVj 
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ignorant  of  the  properties  of  faline  bodies,  which 
are  fo  efficacioufly  employed  in  fe  pa  rating  and  exa- 
mining the  conftituent  principles  of  earths  and  (tones  ; 
if  we  were  here  to  fpeak  of  the  ufe  of  folvents  in  ana- 
lyfing  thefe  matters,  we  fhould  both  deviate  from  that 
order  and  regularity  which  are  neceffary  in  laying 
down  the  elements  of  phyfical  fcience,  and  like  wife  run 
the  rifk  of  becoming  unintelligible :  I  {hall  therefore  re- 
fer ve  a  minute  and  particular  account  of  the  chemical 
decompoihion  of  earths  and  (tones  by  acids  and  alkalis 
to  a  different  part  of  the  work  *,  explaining  here  Ho* 
thing  but  its  general  principles. 

When  we  wifh  to  difcover  the  chemical  properties 
of  a  (tone  or  an  earth,  we  mud  begin  with  a  careful 
examination  of  its  phyfical  properties,  its  form,  hard- 
nefs,  gravity,  colour,  &c.     The  extraneous  fubftances, 
of  which  there  is  always  a  greater  or  a  lefs  quantity 
mixed  with  fuch  bodies,  mud  next  be  feparated  from 
it,  fo  as  that  it  may  be  purified  from  all  mixture,  by 
picking,  wafhing,  &c.     A  (tone  fhould  be  reduced  to 
powder,  or,  if  the  expreffion  may  be  allowed  to  the 
ftate  of  earth,  before  we  attempt  to  examine  its  prin- 
ciples.    The  fir  ft  trial  that  is  made  is  generally  with 
fire.     A  few  ounces  are  expo  fed  in  a  well-baked  cru- 
cible of  clay  or  porcelain,  to  the  heat  of  a  (trong  fur- 
nace, fuch  as  Macquer's ;  that  of  a  potter's  or  a  glafs- 
maker's  is  (till  better  for  the  purpofe.     It  is  to  be  ob- 
ferved  of  the  crucibles  ufed  in  this  operation,  that  the 
argillaceous  earth  of  which  they  are  chiefly. compofed 

has 

*  Sec  the  trcaufe  qn  if*  Analtft  of  Waters,  at  the  end  of  this  WOlfc 
— F. 
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has  often  a  confiderable  ftiare  in  producing  the  altera* 
lion  which  the  (tony  fubftance  feems  to  fuffer  from  heat : 
but  we  have  no  way  of  avoiding  this  inconvenience ; 
and  indeed  it  becomes  of  little  confequence  in  a  com- 
parative analyfis  of  a  great  number  of  ftones.     Of  late 
years,  the  ufe  of  the  blow-pipe  for  treating  mineral 
matters  with  fire,  has  been  introduced ;   and  in  the 
chemical  examination  of  an  earth  or  a  done,  this  in* 
ftrument  may  be  employed  together  with  the  above 
defcribed  means  for  decom poll t ion.     Thofe  fubftances 
are  expofed  to  the  fire,  either  alone  or  feveral  of  them 
mixed  together,  or  with  a  mixture  of  fome  faline  mat* 
ters  to  be  afterwards  defcribed*.     Laftly,  they  may 
be  likewife  treated  •  with  a  machine  for  pouring  vital 
air  on  coals,  of  which  I  have  given  a  defcription  in  my 
Memoirs  de  Cbimie,  and  which  produces  a  heat  that 
for  intenfity  may  be  compared  to  the  focus  of  a  glafs 
lens,  fuch  as  that  of  the  academy.     Thefe  operations 
produce  either  a  fufion  more  or  lefs  perfed,  or  fome 
change  of  colour,  confiftency,  form,  &c   which  is  to 
be  carefully  defcribed.     The  procefs  muft  be  farther 
carried  on,  by  putting  the  ftony  matter  into  an  earthen 
retort,  fitted  up  with  a  receiver  and  a  pneumato-che- 
mical  apparatus  f ,  in  order  to  colled  whatever  water 
and  aeriform  fluids  may  be  difengaged.     Matters  which 
afford  thefe  products  are  properly  fa  lino- terrene  fubftan- 
ces, though  they  be  confidered  as  ftones  by  naturaiifts ; 

yet, 

*  Sec  Bergman's  paper  on  the  blow-pipe,  with  Monge z's  note§ 
Manuel  de  M'tneralogtjU ;  or  Culien's  Eu^lifh  tranfLtion  of  Berg- 
Hjan.— F. — H. 

f  See  a  defcription  of  this  apparatus  under  the  article  Gar,  of  the 
Chemical  Dictionary,  or  io  if.  Sigaud  &   '  ttbtai  $Sxr 
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yet,-  as   they  are  often   found  mixed  with  genuine 
earths,  it  is  therefore  proper  to  mention  here  the  gene- 
ral  mode  of  examining  them.     The  a&ion  of  fire  (hows 
whether  a  (lone   be  filiceous,   aluminous,    or  mixed. 
But  as  mod  (tones  are  of  the  latter  kind,  and  many  of 
them  confift  of  feveral,  fome  even  of  five  or  fix,  diffe- 
rent fubftances  united  in   various  proportions,   other, 
proceffes  are  like  wife  to  be  employed  for  determining 
the  principles  of  their  compofition.     Thefe  confift  in 
treating  them  with  feveral  acid  and  alkaline  folvents, 
the  fucceffive  application  of  which  feparates  all  the 
principles  of  which  they  confift. 

The  adtion  of  air,  and  of  water  io  vapour,  may  like* 
wife  contribute  to  make  us  underftand  the  nature  and 
conftituent  parts  of  earthy  and  ftony  matters.  Some 
of  them  fuffer  no  alteration  from  thefe  agents  ;  others 
are  divided,  and  gradually  aflame  a  new  form,  colour, 
and  confiftency.  Thefe  phenomena  belong  chiefly  to 
(tones  of  a  very  compound  nature,  and  containing  much 
iron.  Laftly,  lixiviation  with  cold  and  warm  warn, 
fbows  whether  they  contain  falinc  matters,  however 
difficult  it  may  be  found  to  bring  thefe  to  folution. 

Such  are  the  means  by  the  ufe  of  which  modern 
chemilts  have  been  able  to  determine  the  nature  and 
the  component  principles  of  fo  great  a  number  of  earthi 
and  (tones.  I  have  here  given  but  a  very  (hort  and 
general  account  of  them.  In  the  hiftory  of  faline  mat* 
ters,  we  (hall  give  all  thofe  particulars  concerning 
them  which  cannot  be  conveniently  or  advantageoufl/ 
introduced  here. 

SECTION 


SECTION    II. 


CHAP.     I. 

*  Saline  Subftances  in  general;  their  CbaraEteriftics% 
Nature,  and  the  Method  of  arranging  them. 

ALINE  fubftances,  of  which  there  are  a  very  con- 
fiderable  number,  pofiefs  peculiar  properties  by 
lich  they  arediftinguifhed  from  thofe  which  we  have 
herto  been  examining.  The  properties  which  have 
en  employed  by  cbemijls  as  chara&eriftics  of  faline 
itters,  are  fuch  as  leave  their  real  nature  fomewhat 
certain  :  being  common  to  many  other  bodies  be* 
e  falts,  they  extend  this  clafs  of  fubftances  far  be- 
nd its  juft  limits.  Tafte  and  folubility  in  water, 
itch  have  been  always  given  as  charaderiftics  of  fa- 
t  fubftances,  belong  to  many  bodies  which  are  not 
ine;  as  for  inftancet  to  all  mucilages  and  animal 
iters.  Thefe  two  properties  again  exift  in  a  very 
v  and  imperfed  degree  in  feveral  faline  fubftances. 
xturalijls  have  not  been  more  accurate  in  their  defi- 
ions  of  falts:  the  tranfpatency  and  cryftalline  form 
ich  many  naturalifts  have  confidered  as  peculiar  to 
>.m9  belong  equally  to  many  other  matters,  efpeci- 
f  earths,  while  fome  falts  arq  quite  dellitute  of  them. 
Vol.  I.  U  ^Nla&^uu. 
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Macquer  has,  therefore,  aflerted,  with  great  truth, 
that  the  true  limits  which  divide  faline  matters  from 
other  claffes  of  fubftances  are  not  well  known. 

Yet  as  we  mujl  tdkefome  fide,  and  form  fome  deter- 
minate notions  concerning  the  properties  of  thefe  mat- 
ters, we  fhall  take  a  general  view  of  them,  before  pro- 
ceeding to  the  hiftory  of  each  particular  fait. 

We  acknowledge  as  faline  fubftances,  all  fuch  as  pof- 
fefs  the  greater  part  of  the  four  following  properties : 
I.  A  ftrong  tendency  to  combination,  or  affinity  of 
compofition :  1.  A  ftronger  or  fainter  tafte :  3.  A  great- 
er or  a  lefs  tendency  to  folution :  4.  Abfolute  incora- 
buftibility.  Before  proceeding  to  confider  each  of 
thefe  properties  by  itfelf,  we  mud  obferve,  that  10  pro- 
portion as  a  body  contains  more  or  fewer  of  them,  and 
thofe  in  a  greater  or  lefs  degree,  it  is  more  or  k&  oft 
faline  nature.  From  this,  however,  we  muft  not  con- 
clude, that  matters  pofleffing  thefe  properties  but  hi  a 
very  faint  degree  are  not  faline.  Were  we  to  admit 
fuch  a  principle,  we  fhould  expofe  ourfelves  to  ftequeafc 
errors ;  as  it  fometimes  happens  that  two  fait*,  which 
in  a  folitary  ftate  poflefled  thefe  properties  in  a  itxf 
low  degree,  afford  (till  fainter  indications  of  than 
after  being  combined.  In  fuch  cafes  recourfe  ami1 
be  had  to  chemical  analyfis,  which,  by  feparating  the 
fubftances,  will  render  their  chemical  properties  molt 
obfervable. 


$1 
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I.  Tendency  to  Combination  confidered  as  a  Cbaraftcr- 

iftic  property  of  Salts. 

Most  falts  have  a  tendency  to  combine  with  many 

Liflerent  fubftances.     Among  falts  we  find  the  mod 

dive  bodies  in  nature,  capable  of  forming  an  infinite 

lumber  of  combinations,  by  entering  into  union  with 

others.     Cbemifts  have,  therefore,  always  made  mod 

rfe  of  falioe  matters ;  fome  of  which  they  have  honour- 

id  with  the  names  of  folvents  and  menjirua.     Yet  this 

endency  to  combination  is  far  from  being  the  fame  in 

A  felts.     Some  of  them  pofiefs  it  in  fo  ftrong  a  degree, 

liat  they  corrode  and  deftroy,   or  diflblve  whatever 

louche*  them,  even  vitrifiable  and  quartzofe  ftones  not 

eliftiDg  their  attacks ;  fuch  is  the  power  of  many  of 

dole  pure  falts  that  are  known  by  the  names  of  acids 

id  alkalis.    Others,  though  not  poflefled  of  fuch  a 

rce  of  combination,  unite  readily  with  many  bodies. 

ftly,  there  are  fome  among  them,  whofe  tendency  to 

ubination  is  but  very  trifling,  and  fcarce  fuperior  to 

t  of  earthy  matters.    But  the  caufe  why,  in  tbefe  lat- 

the  tendency  to  combination  is  fo  foiall,4fe,  their 

ig  in  a  great  meafure  faturated,  as  is  obfervable  of 

neutral  falts.     After  this,  we  cannot  well  be  fur- 

d  that  falts  are  fcarce  ever  found  in  a  pure  or  folita- 

ite  in  the  bowels  of  the  earth. 

I.    Tqfie  confidered  as  a  Cbarafterijlic  of  Salts. 

tx  has  been  always  regarded  as  fo  eflential  a 
y  of  faline  fubftances,  that  many  phildo^b 

U2 
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have  confidered  them  as  the  only  bodies  in  nature  pof- 
fefled  of  this  property,  and  the  principle  of  all  tafte. 
Though  this  opinion  be  not  demonftratively  certain, 
as  there  are  many  bodies,  fuch  as  metals,  which  have  a 
difcernible  tafte,  though  not  faline,  while,  again,  feve- 
ral  faline  fubftances  have  fcarce  any  tafte  ;  yet  it  muft 
be  acknowledged,  that  mod  falts  poffefs  the  property 
of  tafte ;  and  this  property  is  therefore  to  be  confidered 
as  one  of  their  leading  chara&eriftics.     The  tafte  of 
falts,  like  their  other  properties,  is  different  in  different 
fpecies.     In  order  to  underftand  aright  on  what  circura- 
ftances  it  depends,  and  whence  the  caufes  of  its  varie- 
ties, we  muft  firft  endeavour  to  diftinguifti  what  confti- 
tutes  the  peculiar  nature  of  this  property.     By  tafte, 
we  ufually  underftand  an  imprefiion  made  on  a  certain 
organ  which  nature  has  given  us  for  the  purpofe  of  dif- 
tinguifhing  by  it  fome  material  body,  and  from  which 
we  judge  of  that  body  as  ufeful  or  noxious,  and  deter- 
mine either  to  make  ufe  of  it  or  rejedl  it.     It  is  there- 
fore the  a&ion  of  the  lapid  body  on  the  nerves  of  the 
tongue  and  palate  of  animals,  which  informs  them  that 
one  fubftance  may  be  of  ufe,  or  another  hurtful  to 
them.  ^But  can  this  property  of  bodies  affeft  only  the 
nerves  of  the  tongue  ?  will  it  not  a<ft  with  equal  force 
on  the  whole  nervous  fyftem?  Thofe  who  are  acquainted 
with  the  phenomena  of  the  animal  (Economy,  know  that 
the  adion  which  conftitutes  tafte  or  fapidity,  muft  af- 
fect all  the  other  nerves,  and  muft  always  be  propor- 
tioned to  the  fenfibility  of  the  iubje&s  and  theorgaw 
on  which  it  operates.     This  idea  of  tafte  naturally  kids 
ns  to  think,   i.  That  this  quality  of  bodies  will  nub 
fcarccly  any  imprefiion  on  fuch  parts  of  the  body ai halt 
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but  few  nerves,  or  of  which  the  nerves  have  but  little 
fenfibility,  on  account  of  their  being  covered ;  as  on 
the  flrin  where  they  are  defended  by  the  reticular  mem- 
brane and  the  epidermis*  2.  That  this  quality  of  bo- 
dies will  aft  with  the  mod  energy  on  thofe  organs  in 
which  the  nerves  are  largeft,  mod  numerous,  and  of  a 
form  the  mod  proper  for  receiving  an  extenfive  com  aft, 
and  a  violent  emotion  from  falts ;  the  epidermis  being 
fo  thin  as  to  leave  the  nerves  almoft  naked.  The  fupe- 
rior  furface  of  the  tongue,  the  roof  of  the  mouth,  and 
all  the  inner  part  of  the  mouth  in  general,  are  fufcep- 
tible  of  the  fenfation  of  tafte,  from  a  vaft  number  of 
bodies  which  make  no  fuch  impreffion  on  the  lefs  deli- 
cate fenfibility  of  rhe  other  parts  of  the  fkin.  3.  That 
bodies  which  have  no  tafte  and  no  power  of  affeding 
the  fkin,  may  notwithftanding  this,  ad  upon  organs 
which  are  more  delicate,  and  have  nerves  of  greater 
fenfibility,  fuch  as  the  ftomach  and  the  inteftines. 

Admitting  thefe  fads,  we  may  diftinguiih  taftes  and 
fapid  bodies  into  three  clafies,  under  which  all  the 
(aline  fubftances  that  we  are  to  examine  may  be  ar- 
ranged.    The  firft  clafs  comprehends  fuch  faiths  have 
the  ftrongeft  tafte,  and  affect  the  fkin  in  the  to>A  fen- 
fible  manner.     The  impreffion  of  thefe  falts  is  fo  power- 
ful, that  it  occafions  a  very  lively  fenfation  of  pain  j 
and  where  its  adion  is  continued  for  fome  time,   it 
emitely  deftroys  the  organization  and  texture  of  the 
fkin.     This  property  is  called  caujlicity,  and  the  falts 
which  pofiefs  it  are  named  caujlics      The  fecond  clafs 
confifts  of  falts  which  have  a  milder  tafte,  and  affed 
only  the  nerves  of  the  organs  threw    '  ■  «rhi#.k.  vc  receive 
That  fenfation;  thefe  arc 
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ther  by  names  exprefling  the  feveral  impreffioas  which 
they  make  on  thofe  organs ;  fuch  as  bitternefs,  aftrin- 
gency,  acidity,  acridity,  urinous  tafte,  &c.  To  the 
third  clafs  we  fhall  refer  faline  fubftances,  the  tafte  of 
which  is  fenfible  only  to  the  ftomach  and  the  inteftines; 
but  the  number  of  thefe  faks  is  rery  fcanty. 

Some  obfervations  are  neceflary  on  the  mutual  rela- 
tions of  thefe  feveral  claflfcs  of  falts.  It  is  firft  to  be  ob- 
served, that  between  thofe  which  poflefs  the  peculiar 
properties  of  any  of  the  three  claflfcs  in  the  weakeft, 
and  thofe  which  poflefs  the  fame  properties  in  tft 
ftrongeft  degree,  there  are  many  varieties;  there  ait 
ftronger  and  weaker  cauftics;  fome  inftantly  deftroy 
the  texture  of  organized  fubftances,  others  require  a 
confiderable  time  to  produce  that  effedt.  The  fame 
fad  may  be  obferved  of  bitter,  aftringent,  or  urinous 
falts,  as  well  as  of  thofe  which  aft  only  on  the  nervei 
of  the  (lomach.  Secondly,  when  we  confider  thefe 
varieties  of  the  feveral  clafles,  we  are  naturally  led  to 
think,  that  all  taftes  are  but  different  degrees  of  tht 
fame  property,  from  that  of  the  ftrongeft  cauftic  fcltto 
that  of  the  faline  fubftance,  whofe  adion  is  fcarce  feo- 
fible  t<Aie  nerves  of  the  ftomach.  This  observation 
implies,  that  all  taftes  a&ually  depend  on  the  fame 
caufe,  and  participate  of  the  fame  principle. 

We  cannot  adopt  an  happier  method  of  diftingoUb* 
ing  the  caufe  of  tafte,  than  to  confider  that  tafte  which 
is  the  ftrongeft  of  all,  obferve  its  phenomena,  and  at- 
tend to  its  adion.  Caufticity  muft  therefore  be  the 
fubjed  of  our  confideration :  a  property  which  htf 
always  attracted  the  curiofity  of  chemjfts.  Lemety9  ob» 
ferving  thai  very  hot  bodies  were  ufually  very  ctuffc 

and 
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and  that  all  falts  pofleffing  the  property  of  caufticity 
have  been  ftrongly  beated  before  acquiring  it,  afcribed 
this  property  to  the  particles  of  fire  lodged  in  cauftic 
bodies.  M.  Baum6  has  implicitly  adopted ,  Lemery's 
opinion.  Meyer,  an  apothecary  of  Ofnaburgh,  made  a 
feries  of  refearches  into  the  nature  of  cauftic  falts,  and 
formed  a  very  plaufible  theory*  which  was  at  firft  warm- 
ly embraced  by  a  number  of  chemifts,  but  is  no  longer 
mentioned  with  the  refpeft  which  it  once  obtained. 
He  attributed  caufticity  to  a  principle  which  he  confi- 
dered  as  a  compound  of  fire  and  a  peculiar  acid :  this, 
in  imitation  of  the  ancient  chemifts,  he  named  caujli* 
cum9  or  acidum  pirogue*  He  traced  it  through  its  various 
combinations,  as  Stahl  had  done  with  pmogifton.  But 
his  fyftem'has  the  fame  defed  with  Stabl's ;  the  exift- 
ence  of  his  canfticum  has  not  been  demonftrated.  Dr 
Black,  by  a  feries  of  experiments  on  the  fame  matters 
which  Meyer  examined,  has  levelled  the  fevered  blow 
•gain  bis  theory ;  proving,  by  rigid  demonftration,  that 
lime  and  alkalis,  inftead  of  deriving  their  caufticity  from 
ufai  acid  principle,  become  acid  in  confequence  of  lof- 
mg  a  fait,  to  be  afterwards  mentioned  under  the  name 
of  the  Carbonic  Acid.  * 

Macquer  has  undeniably  been  the  mod  fuccefsful 
inquirer  into  the  caufe  of  .caufticity.  The  dodrine 
which  he  lays  down  on  that  article  in  his  Chemical 
Dictionary  is  fo  plain,  and  fupported  by  fuch  conclu* 
five  feds,  that  we  cannot  refufe  aflenting  to  his  opinion. 
After  obferving  that  cauftic  bodies  deftroy  and  corrode 
our  organs,  by  entering  into  combination  with  the 
principles  of  which  they  are  compofed,  he  remarks, 
that  in  proportion  as  this  combination  takes  place,  +*** 
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cauftic  gradually  lofe s  its  ftrength;  and  that  it  becomes 
absolutely  deftitute  of  caufticity,  when  it  has  diflblved 
as  much  of  the  animal  matter  as  its  force  and  quantit  y 
are  equal  to.  Thus  the  lapis  cauflicus,  or  pure  fixed 
alkali,  gnaws  and  corrodes  the  Ik  in  when  applied  to  it; 
but  lofes  its  corrofive  and  folvent  power  when  it  ceafes 
to  a&  on  that  organ.  This  fait  really  ads  by  a  chemical 
power,  for  it  exerts  its  force  even  on  the  infenfible  fldo 
of  a  carcafe ;  as  M.  Poulletier  has  fhown  by  accurate 
experiments,  and  on  all  animal  fubftances  in  general 
Caufticity  therefore  depends  on  tendency  to  combina- 
tion ;  and  the  fenfations  with  which  it  affects  our  or- 
gans are  occaiioncd  by  the  combination  of  the  cauftic 
with  the  matter  of  which  the  organs  are  compofed.  la 
the  fame  manner  a  cauftic  lofes  its  virtue  in  the  labo- 
ratory, by  combining  with  any  fubftance  with  which  it 
has  a  ftrong  affinity ;  and  in  a  word,  the  caufticity  of 
a  body  is  always  in  the  proportion  of  its  tendency  to 
combination.  That  fait  which  has  the  fainteft  tafte  is 
already  faturated  with  fome  fubftance ;  and  by  fepara- 
ting  it  from  that  fubftance,  we  caufe  it  to  regain  a  tafte, 
ftronger  or  weaker,  according  as  the  feparation  is  more 
or  lets  complete.  The  whole  hiftory  of  faline  matten 
concurs  to  fupport  this  opinion,  as  will  appear  in  what 
follows. 

§  III.     Solubility  confidered  as  a  Cbarafteriflic  of  Saks. 

Solubility  in  water  has  been  given  by  all  chemifb 
as  one  of  the  moil  eminent  chara&eriftics  offalts;  yet 
this  property,  like  tafte  and  tendency  to  combination, 
js  lubjeel  to  varieties.     Some  ialu  poffefc  it  in  fucha 

degte^ 


Saline  Sub/lances.  3 1 3 

legree,  that  without  very  long  and  refined  procefies, 
t  is  impoflible  to  feparate  them  entirely  from  water. 
3 1 hers  are  not  fo  extremely  foluble,  and  the  degrees 
>f  their  folubility  may  be  precifely  afcertained  ;  as,  for 
nftance,  mod  neutral  falts.     Laftly,  there  are  fome  fa- 
line  fubftances,  whofe  tendency  to  folution  is  fo  faint 
uid  indiftind,  that  they  feem  to  differ  more  in  nature 
From  the  other  clafles  of  falts  than  from  earths  and 
tones;  and  all  falts  of  this  chara&er  have  been  by 
moft  naturalifts  confidered  as  earths  and  (tones.     It  is 
indeed  extremely  difficult  to  fix  the  precife  limits  be- 
tween  thefe  two  clafles  of  mineral   bodies;  and  che- 
mifts  have  not  as  yet  agreed  in  determining  them.  Mr 
Kirwan,  in  his  mineralogy,  feems  to  have  adopted  Berg- 
man's opinion*;  who  thinks  that  all  fubftances  are  to  be 
:onfidered  as  earths,  which  require  more  than  a  thou- 
and  times  their  own  quantity  of  water  to  maintain 
hem  in  a  (late  of  folution,  while  all  fuch  as  are  foluble 
1  a  fmaller  proportion  of  water,  (bould  be  diftinguifh- 
I  as  falts.     Were  this  propofition  generally  received 
long  chemifts,  as  I  think  it  well  deferves  to  be,  that 
•erfity  of  opinions  and  terms  which  has  hitherto  pre- 
led  on  this  point  might  be  avoided  ;  and  (hey  have 
lireft  tendency  to  render  the  icience  more  obfeure 
perplexing  to  beginners. 

he  relation  which  I  have  taken  notice  of,  as  fub- 

g  between  the  tafte  and  the  folubility  of  falts,  is 

fely  the  fame  with  that  which  fubiifts  between  tafte 

tendency  to  combination.     The   caule  of  thefe 

ms  may  be  eaiily  underftood  by  obferving,  that 

n  in  water  is  a  real  chemical  union  of  a  fait  with 

and  mud  therefore  -d 
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with  tafte  and  tendency  to  combination.  In  fa&*  the 
more  tafte  and  folvent  force  a  fait  has,  the  more  readily 
does  it  diffolve  in  water.  This  law  holds  invariably 
with  regard  to  all  faline  matters,  and  even  depends  on 
their  nature  and  eflential  properties. 

$  IV.    Incombujtibility  confidered  as  a  Cbara&tri/lk  <f 

Salts. 

It  is  more  difficult  to  form  a  determinate  idea  of  this 
fourth  than  of  the  three  preceding  chara&eriftics  of 
faline  matters.  No  chemift  has  as  yet  confidered  thefe 
fubftances  under  this  point  of  view.  A  numbet  hate 
even  thought,  that  fome  falls,  and  among  others  nitre, 
are  adually  combuftible. 

In  order  to  fee  clearly  that  this  is  a  mi  flake,  and 
that  all  mineral  faline  fubftances  are  abfolutely  incom* 
buftible,  the  ft u dent  of  chemiftry  muft  have  a  much 
fuller  knowledge  of  the  properties  of  thofe  fubftances, 
than  he  can  have  acquired  from  perufing  the  foregoing 
part  of  this  work.  However,  as  we  think  this  one  of 
the  mod  eflential  and  important  chara&eriftics  of  falts, 
we  ihall  here  give  a  fhort  view  of  the  do&rine  which 
we  are  induced  to  advance  on  this  head,  and  which 
will  be  fully  illuftrated  and  inconvertibly  eftablifhed, 
in  our  particular  examinations  of  faline  fubftances. 

It  appears  from  M.  Lavoifier's  fine  experiments,  that 
many  combuftible  matters  form  by  their  combuftioo, 
peculiar  acids.     Combuftion,    as  above  explained*  » 
nothing  but  the  combination  of  the  bafe  of  vital  tt  ■ 
or  the  oxigenous  principle   with  combuftibi$_b 
Every  body  which  has  been  completely  b« 
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which  has  been  faturated  with  the  oxigenous  principle, 
returns  into  the  clafs  of  incombttftibles  ;  or  what  is 
juft  the  fame,  its  tendency  to  combine  with  the  oxige- 
nous principle  is  fa  t  is  fie  d,  and  it  cannot  unite  with  a 
new  quantity  of  oxigene,  or  abforb  any  more  of  it. 
This  being  admitted,  it  plainly  follows,  that,  as  a  num- 
ber of  fait s  are  refiduet  of  various  combuftible  bodies, 
and  even  an  entire  clafs  of  faline  fubftances  are  found 
to  have  oxigene  for  one  of  their  principles,  and  exhibit 
the  charaderiftics  of  fubftances  which  have  been  expof- 
ed  to  combuftion ;  thefe  cannot  be  any  longer  fufcepti- 
bie  of  combuftion.  A  numerous  train  of  fads,  which 
lhall  be  hereafter  related,  concur  to  juftify  thefe  after- 
tions  :  they  prove  falts  to  be  compound  bodies,  mod  of 
them  formed  by  the  union  of  certain  combuftible  bodies 
with  the  oxigenous  principle.  From  this  it  is  eafy  to 
understand  that  incombuftibility  deferves  to  be  regard- 
ed as  one  of  the  moft  certain  and  invariable  charaderif- 
tics  of  faline  matters.  We  hope  that  this  will  be  com- 
pletely demonftrated  of  the  clafs  of  acid  falts,  when 
we  come  to  enter  particularly  into  the  biftory  of  thofe 
fubftances. 

Yet  there  is  one  clafs  of  falts  which,  though  evidently 
compound  bodies,  are  not  known  to  contain  any  por- 
tion of  the  oxigenous  principle  :  all  the  alkalis  are  of 
this  clafs.  But  thefe  are  either  compounds  of  incom- 
buftible  bodies,  or  if  fome  combuftible  matter  enter  in- 
to  their  competition,  as  we  (hall  have  occaiion  to  ob- 
ftrve  of  ammoniac  or  volatile  alkali,  it  is  united  with 
fome  fubftance  evidently  incombuftible,  which  hinders 
thecombuftibilitvafthe  other  matter  from  being  ob- 

tot. 
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§  V.     Of  the  general  Nature  and  Compofition  o/Salim 
Matters, 

Stahl,  after  ftudying  the  nature  of  falls  with  much 
attention,  was  pcrfuaded  that  they  were  generally 
formed  of  earth  and  water.  He  collected  all  that  cbe< 
mical  refearches  could  fupply  to  fupport  and  illuftrate 
his  theory.  But  fince  that  illuftrious  xra  of  chemical 
fcience  has  been  fucceeded  by  one  (till  more  illuftrious, 
for  both  the  multiplicity  of  the  refearches  profecuted, 
and  the  importance  of  the  difcoveries  which  thefehaie 
produced  ;  Stabl's  theory,  which  is  very  perfpicuoully 
explained  in  the  works  of  Macquer,  is  no  longer  fuffici- 
ent  to  explain  the  nature  and  compofition  of  falts.  We 
are  no  longer  content  with  thofe  remote  analogies  which 
forced  the  moll  difcordant  fads  into  an  unnatural  uni- 
on, and  bewildered  the  understanding  by  exhibiting  to 
it  illufive  lights.  Philofophers  now  choofe  rather  to 
confefs  their  ignorance,  than  to  advance  ill-found- 
ed theories,  which  may  fooner  or  later  be  refuted  by  ex- 
periments. 

Although  the  chemical  nature  of  falts  be  not  yet  en- 
tirely known,  and  facts  allow  us  not  to  agree  with  fome 
of  the  molt  eminent  philofophers,  in  acknowledging  a 
faline  principle  as  the  bale  and  element  of  all  i; 
yet  the  component  principles  of  this  fingul 
merous  clafs  of  lubtlunces,  are  Ibmewhai  t 
now  than  formerly.  We  know  that  mo' 
tain  a  very  confiderable  quantity  of  the 
ciple  ;  which  principle  is  fixed  in 
matter.  This  has  fullj 
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tion  of  a  number  of  acids  ;  and  we  have  the  ftrongeft 
rcafon  from  analogy  to  conclude,  that  mod  other  felts 
of  that  clafs  have  the  feme  character.  Water,  though 
not  one  of  the.  immediate  principles  of  falts,  is  often 
found  united  to  them,  and  has  a  ftrong  affinity  with 
them.  As  to  the  matter  of  fire  confidered  as  phlogtf- 
ton,  which  fome  of  the  mod:  eminent  cheraifts  have  ad- 
mitted as  a  component  principle  in  falts,  the  nature  and 
exiftence  of  that  matter  are  too  uncertain  to  admit  of 
our  adopting  any  determinate  opinion  in  refpeft  to  it. 
The  cafe  is  not  the  fame  with  the  caloric  principle ;  it 
fecms  evidently  to  conflitute  one  of  their  component 
principles  ;  in  fome  however,  it  exifts  in  a  much  fmal- 
ler  proportion  than  in  the  reft,  which  appear  in  general 
Co  owe  to  it  their  fludity,  fufibility ,  and  volatility.  The 
exiftence  of  earth  inany  confiderable  number  of  falts 
has  never  been  experimentally  demonftrated.  We  know 
only  that  all  the  faline  bodies  which  nature  exhibits, 
are  mixed  with  a  larger  or  a  fmaller  quantity  of  various 
earthy  fubftances.  But  thefe,  properly  fpeaking,  do  not 
belong  to  them ;  they  form  no  part  of  their  compofition, 
and  may  be  faid  to  be  only  accefibries.  The  only  fub- 
ftances at  prefent  acknowledged  as  general  principles 
of  faline  matters,  are  feveral  combuftible  bodies,  the 
oxigenous  principle,  a  few  incombuftible  matters,  and 
the  caloric  principle.  It  is  well  known  that  moll  acids 
are  refidues  of  burnt  bodies,  and  contain  oxigene  and 
combuftible  matter  combined  together  in  various  pro- 
nortions.  Whatever  more  has  been  advanced  in  trea- 
ting the  nature  of  falts,  is  no- 
■us  hypothetic,  unfuppor- 
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$  VI.     Of  the  Divifion  and  Arrangement  of  Mineral 

Saline  Matters. 

The  falts  belonging  to  the  mineral  kingdom  are  very 
numerous.  A  number  of  them  are  products  of  nature, 
formed  by  the  a&ion  of  fire,  water,  and  air,  and  by 
the  difiblution  of  organic  matters.  But  mod  of  thofe 
which  are  employed  in  chemiftry  owe  their  formation 
to  art,  or  at  lead  have  not  hitherto  been  found  among 
the  products  of  nature.  In  order  to  give  a  methodical 
view  of  the  hiftory  of  thefe  fubftances,  we  fhall  divide 
them  in  the  fame  manner  as  (tones,  into  orders,  gene- 
ra,  and  fpecies.  All  faline  matters  may  be  arranged 
under  two  orders. 

The  firft  contains  thofc  faline  fubftances  which  hare 
been  named  Jimple,  and  which  we  (hall  diftinguifh  by 
the  name  primary  falts,  becaufe  they  ferve  as  princi- 
ples to  thofe  of  the  fecond  order. 

The  fecond  confifts  of  the  fecondary,  compound,  or 
neutral  falts.  Thefe  are  formed  by  the  combination  of 
two  or  more  of  the  former  order,  and  are  of  confequence 
much  lefs  fimple  than  they. 

Each  of  thefe  orders  fhall  be  divided  into  feveral  ge- 
nera, and  thefe  again  into  fpecies. 

Nine  genera,  and  eighty-fix  fpecies  of  fimple  and 
compound  falts  together,  are  at  prefent  known  to  exift 
in  the  mineral  kingdom ;  and  thefe  we  fhall  fucceffivc- 
ly  examine  •. 

*  There  are  three  fali no- terrene  fubftances,  three  alkalis,  and  tenon* 
neral  acids.  Thefe  lad,  united  with  aluminous  earth,  with  the  three 
falino  terrene  bafes,  and  with  the  three  alkalis,  coropofc  70  compound 
or  neutral  falts. — Y. 

CHAP. 


CHAP.    II. 


Of  the  three  SaUno.Terrene  Subjlances  *. 


Order  I.  Simple  or  Primary  Salts. 

"V^TE  give  the  name  offmple  or  primary  /alts  to  thofe 
matters  which  were  formerly  known  by  the 
name  of  \fimpie  Jabs,  and  are  ftill  fo  called  by  fome  che- 
ratfts*  As  it  has  been  fhown,  by  fair  experiments,  that 
moft  of  them  are  really  compounds,  therefore  the  title 
of  Ample  falts  cannot  with  any  propriety  be  applied  to 
them,  except  when  they  are  compared  with  the  falts  of 
die  fecond  order.  The  name  of  primary  fait ;  feems  the 
moft  fuitable  for  diftinguifliing  them,  becaufe  they  form 
by  combination  thofe  neutral  or  compound  falts  which 
we  call  fecondary.  We  fball  divide  this  order  into 
three  genera,  falino-terrene  fubftances,  alkalis,  and  a* 
cids.  The  examination  of  the  firft  will  occupy  this 
chapter ;  in  the  two  following  we  fhall  give  the  hiftory 
of  alkalis  and  acids. 

?  Genus 


*  The  title  of  this  chapter  it  the  general  denomination  of  the  firft 
fan*  of  the  firft  order  of  fimple  or  primary  faline  matters.— F. 
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Genus  I.     Salino-Terrcnc  Sub/lances. 

By  this  name  we  denote  three  fubftances  which  have 
been  hitherto  regarded  as  earthy  matters,  but  whofe 
properties  plafaly  (how  them  to  be  more  properly  fa* 
line  *.  As  thefe  fubftances  pofiefs  the  diftinguifbing 
properties  of  fa  Its,  in  conjundion  with  the  chara&erif- 
tics  of  earthy  matters,  yet,  difplaying  the  latter  in  a 
lefs  eminent  degree ;  we  therefore  rank  them  before 
the  falts,  ufing  them  as  a  link  of  connection  between 
falts  and  earths :  They  differ  alfo  from  earths  as  having 
a  ftronger  tendency  than  thefe  to  combination,  as  will 
appear  from  an  examination  of  their  properties. 

It  is  proper  to  obferve,  that  in  our  examination  of 
thefe  falino-terrene  matters,  as  well  as  in  our  account 
of  the  primary  falts,  we  fuppofe  them  pure  and  folitaiy, 
though  they  be  never  found  foin  nature ;  and  we  avoid 
mentioning  the  methods  by  which  they  are  obtained, 
from  a  deGre  not  to  break  through  that  elementary  or- 
der which  we  have  determined  to  follow  through  the 
courfe  of  the  work.  When  we  come,  in  the  hiftory  of 
neutral  falts,  to  give  an  account  of  their  decompofitioo, 
we  (hall  then  have  occafion  to  defcribe  the  methods  by 
which  chemiftry  feparates  thofe  fubftances,  as  well  ai 
the  fimple  or  primary  falls,  fo  as  to  afford  them 
pure. 

This  firft  genus  contains  three  fpecies  of  falino-ter- 
rene bodies. 

Specie* 

*  WeVave  trendy  fcWen  fomc  account  of  them  ia  lithologji  to* 
then  only  at  maku\£  *^*x\.  olu*\ut^\i\Wjo— ¥% 
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Species  I.     Barytes. 

The  firft  name  of  this  fubflance  was  ponderous  cartb* 
given  it  by  the  Swedifh  chemifts  Gahn  and  Scheele, 
who  difcovered  it  in  ponderous  fpar:  Bergman  and 
Mr  Kirwan  have  already  given  it  the  Latin  name  bo* 
rjtes.  Its  fpecific  gravity,  according  to  Mr  Kirwan,  is 
ibmething  more  than  4,000.  Nature  no  where  affords 
this  earth  in  a  pure  but  always  in  a  combined  (late. 
it  was  firft  difcovered  and  diftinguifhed  as  a  peculiar 
earth  by  the  chemifts  above-mentioned.  Meflrs  Mar* 
graff  and  Monnet  had  obferved  it,  but  confounded  it 
with  abforbent  or  calcareous  earth.  Yet  the  lad  of 
thefe  chemifts  had  obferved  it  to  pofiefs  fome  peculiar 
properties,  and  fufpe&ed  it  to  be  an  earth  different  in 'its 
nature  from  lime.  Its  properties,  in  a  pure  folitary 
ftate  have  not  as  yet  been  very  accurately  examined  ; 
its  combinations  have  been  more  ftudied ;  and  what 
moft  eminently  diftingutfhes  it  from  other  analogous 
ibbftances,  is,  its  very  Angular  affinities,  and  the  falts 
which  it  forms  by  combination  with  acids* 

Pure  barytes,  obtained  by  means  which  (hall  be  af- 
terwards defcribed,  appears  under  a  pulverulent  form, 
very  fine  and  white.  I  have  neyer  found  it  to  affe& 
the  tongue  with  any  difcernible  tafte. 

It  is  not  yet  known  v\  hether  this  fubflance  be  liable 
to  alteration  from  light. 

The  ordinary  fire  of  our  furnaces  does  not  reduce  it 
to  fufion:  But  if  heated  in  a  clay  crucible,  it  commu- 
nicates a  blue  or  greenifh  colour  to  the  crucible,  and 
aflumes  itfelf  a  flight  tinge  of  the  fame*    This  pheno- 

Vol.  L  X 
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xnenon  feems  to  arife  from  its  power  of  re-aftion  on  clay. 
M.  D'Arcet  fays  that  it  melts  when  expofed  to  a  very 
violent  heat  in  a  clay  or  iron  crutible  *. 

When  expofed  to  the  air,  it  acquires  an  acceffion  of 
weight,  and  combines,  though  very  flowlyf  with  the 
carbonic  acid  contained  in  the  atmofphere  :  the  effeds 
of  vital  air  upon  it  are  unknown.  We  are  equally  ig- 
norant of  the  manner  in  which  the  oxigenous  and  the 
azotic  principles,  ad  upon  this  faline  earth.  Azote  is 
perhaps  one  of  its  conftituent  principles. 

Its  diflblves  in  water,  but  not  without  difficulty ;  for 
900  parts  of  that  fluid  are  requifite  to  diflblve  one  of 
barytes.  Water  thus  faturated  gives  a  pale  green  co- 
lour to  the  tindure  of  violets  f ,  and  ftill  more  readily 
to  that  of  mallows  or  raddifhes.  This  folut  ion,  when 
expofed  to  the  air,  is  covered  with  a  thin  pellicle;  and 
if  it  be  dripped  of  this,  a  new  one  is  produced.  This 
phenomenon  is  owing  to  the  carbonic  acid  in  the  atmo- 
fphere :  the  fame  thing  happens  to  lime-water,  though, 
in  a  lefs  eminent  degree.  The  folution,  when  evapo- 
rated in  clofe  velfels,  leaves  a  refidue  of  barytes;  and  the 
weight  of  the  refidue  affords  a  proof  of  the  folubilityof 
that  fubftance.     It  is  almofl  unnecefTary  to  obferve,  that 

in 

*  This  is  confirmed  by  the  experiments  of  M.  Laroifier,  who  fofed 
barytes  in  a  few  feconds,  with  a  flame  fed  with  oxigenous  gas.  But 
this  barytes  appears  to  have  been  in  fome  degree  impure.— H. 

■f*  By  tindure  of  violets,  we  mean  a  folution  of  the  colouring  part 
of  violet  flowers  in  water.  This  tindure  when  newly  made  is  prefera- 
ble to  the  fyrup  of  violets,  as  being  much  eafier  affeded.  But  thefjr. 
rup  may  be  employed  in  all  in  fiances  in  which  the  faline  matters  under 
examination  ad  with  a  determinate  energy  •  gad  we  (hall  therefore  of- 
ten mention  it  inilead  of  the  tindure.— -F. 
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n  this,  as  in  all  other  procefles  of  the  fame  nature,  di- 
lilled  water  is  to  be  ufed. 

Barytes  ads  but  very  feebly,  either  in  the  humid 
[>r  the  dry  way,  on  filiceous   and   aluminous  earth  •• 
Yet  it  facilitates  the  fufion  of  thole  earths,  and  aflumes 
a  blue  or  greenilh  colour  when  heated  with  the  latter 
of  them.     Barytes  is  lefs  copious  in  nature  than  either 
of  the  other  two  falino-terrene  fubftances ;  but  it  is  pro* 
bably  more  copious  than  it  is  thought  to  be.     Former- 
y,  it  was  not  known  to  exift  in  any  body  but  barytic 
fulfate  or  ponderous  fpar ;  it  was  fome  time  fince  found 
in  England,  combined  with  the  carbonic  acid,  and  cry- 
ftallifed  like  a  tranfparent  fpar.     That  fait  will  be  af- 
terwards defcribed.     Some  modern  chemifts  think  it  to 
be  a  metallic  calx  or  oxide.     Its  weight,  that  of  the 
compounds  into  which  it  enters,  and  the  precipitate 
which  it  affords,  when  a  folution  of  it  with  an  acid  is 
mixed  with  an  alkaline  prulfiates,  made  Bergman  long 
fufped  it  to  be  of  this  nature.     We  are  told,  that  M; 
Gahn,  a  pupil  of  that  celebrated  chemift,  has  ad u ally 
obtained  barytes  under  a  metallic  form ;  but  this  fad 
needs  confirmation.      Its  nature  therefore  is  (till  un- 
known ;  becaufe  we  have  never  yet  been  able  to  fepa- 

X  2  rate 

•  We  mud  here  obferve,  that  in  order  to  give  a  regular  account  of 
the  reciprocal  action  of  bodies  on  each  other,  no  combination  of  any 
two  bodies  is  mentioned  till  after  thofe  two  have  been  defcribed.  Thus 
:n  the  biftory  of  barytes,  1  have  mentioned  only  the  manner  in  which  it 
it  affc&ed  by  light,  by  the  caloric,  the  ovigenous,  and  the  azotic  prin- 
ciples, by  water,  and  by  filiceous  and  aluminous  earth,  becaufe  none 
wot  thefe  have  as  yet  been  defcribed.  As  we  advance  in  the  hiftory  of 
natural  fubftances,  we  (hall  learn  all  the  combinations  of  which  it  it 
ofceptible.  Thus  we  (hall  both  prefervc  our  order  inviolate,  and  com- 
municate all  the  neceflary  information  concerning  the  matters  of 
which  we  treat.— F# 


3*4  Salino-Terrcne  Subjlanccs. 

rate  its  principles,  or  imitate  its  compofition.  I  fufpeft, 
as  I  have  already  hinted,  that  the  azotic  principle,  or 
thebafe  of  gas  azote,  is  one  of  its  component  parts. 

Pure  barytes  is  not  applied  to  any  ufe;  folutions  of  it 
in  water  and  in  acids  are  uled  as  re- agents,  as  we  (hall 
die  where  have  occafion  to  obferve. 

0 

0 

Species  II.     Magnefia. 

That  magnefia  which  is  obtained  from  Epfom  fait, 
or  fulfate  of  magnefia,  and  which  is  likewife  found  in 
mother  water  of  nitre,  and  in  a  great  many  ftones,  &c 
is  no  where  in  nature  to  be  met  with  in  a  (late  of  puri- 
ty, but  always  combined  with  acids.  Dr  Black  is  the 
firft  chemift  who  has  accurately  determined  the  diftinc* 
tion  between  it  and  lime. 

This  fubftance,  which  is  obtained  by  methods  to  be 
afterwards  defcribed,  appears  under  the  form  of  a  very 
fine  white  powder,  refembling  meal  both  in  appearance 
and  to  the  touch.  Its  gravity,  according  to  Kirwao,is 
about  2.33.  It  has  no  tafte  fenfible  to  the  tongue;  bat 
it  affe&s  the  ftomach  as  a  gentle  purgative.  It  comma- 
iricates  a  pale  green  to  the  tin&ure  of  violets  and  mil- 
lows,  and  caufes  turnfol  to  affume  a  blue  colour;  The 
manner  in  which  light  affedts  magnefia  is  not  well 
known  :  it  cannot  be  very  powerfully. 

According  to  the  experiments  of  M.  D'Arcet,  thk 
fubftance  does  not  melt  when  expofed  to  a  ftronghesL 
Macquer  too  obferved,  that  it  remained  unaltered  in 
the  focus  of  the  burning  lens  of  the  garden  DePInfuK* 
M.  Morveau  heated  magnefia  for  two  hours  in  the 
itrongeft  fire  that  can  be  procured  in  Macquert  for- 

usee 
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nace,  with  the  fame  effeft.  M.  Butini,  a  citizen  of 
Geneva,  who  has  publifhed  fome  valuable  experiments 
on  magnefia,  has  obferved,  that  violent  ignition  con- 
tracts and  condenfes  magnefia  in  fuch  a  manner  as  to 
render  it  capable  of  attacking  and  coroding  an  iron 
furface.  We  are  informed  that  a  fmall  cube  formed  of 
a  parte  of  magnefia  and  water,  and  expofed  to  the  focus 
of  Parker's  lens,  was  fuddenly  contracted  in  all  its  di- 
mentions.  This  property  feems  to  indicate  a  relation 
between  magnefia  and  aluminous  earth;  which  two 
fubftances  are  often  found  together  in  nature,  as  was  ob. 
ferved  in  the  hiftory  of  fteatites,  albedos,  and  terpen- 
tines, &c. 

Magnefia,  though  heated  in  a  retort,  lofes  not  the 
portion  of  water  which  it  contains :  but  when  fubje&ed 
to  this  procefs,  it  acquires  a  very  difcernible  phofphoric 
quality,  as  has  been  obferved  by  M.  Tingry,  apotheca- 
ry at  Geneva.  It  fuffers  no  alteration  from  air,  till  af- 
ter being  long  expofed  to  it.  M.  Butini  kept  ten  grains 
of  calcined  magnefia  in  a  porcelain  faucer  covered  with 
paper,  in  a  dry  room,  for  near  two  years;  the  only 
change  which  it  fuffered  was  by  gaining  one-eighth  of 
a  grain  of  additional  weight.  It  appears  that  this  fub- 
fiance  combines  {lowly  with  the  carbonic  acid  di  flu  fed 
through  the  atmofphere. 

It  difiblves  in  water  but  imperfeltly  and  with  great 
difficulty*  Four  ounces  and  two  drams  of  pure  water 
after  Handing  three  months  in  a  bottle,  with  a  dram  of 
calcined  magnefia,  and  being  boiled  together  with  that 
lubftance,  afforded  M.  Butini,  by  evaporation,  a  refidue 
which  he  eftimated  at  one-fourth  of  of  a  grain. 

X3  Bfe 


326  SalitiO'Terrcn*  SubJIanccf. 

Mr  Kirwan  fays,  that  7500  times  its  own  weight  of 
water  is  necefiary  to  diflolve  it  in  the  ordinary  tempe- 
rature of  the  atmofphere;  that  is  to  fay,  at  about  609 
of  Fahrenheit's  thermometer.  Notwithftanding  this 
averfion  to  folution,  magnefia  forms  a  kind  of  pafte 
with  water;  that  pafte  indeed  is  not  duftile,  but  brit- 
tle; and  the  water  is  readily  feparated  from  it  by  the 
adionoffire,  or  even  of  the  dry  atmofphere.  A  folu- 
tion of  magnefia  has  no  fenfible  tafte ;  and  it  produces 
but  a  very  trifling  alteration  on  the  colour  of  fyrup  of 
violets. 

We  are  not  yet  well  acquainted  with  the  manner  in 
which  magnefia  adts  on  pure  earths.  We  know,  how- 
ever,'that  it  does  not  vitrify  with  either  filiceous  or  alu- 
minous earth  feparately;  but  when  heated  with  both 
together,  it  isfufceptible  of  fufion. 

Its  a  ft  ion  on  barytes  has  not  yet  been  examined. 

The  intimate  nature  of  magnefia  is  not  better  known 
than  that  of  barytes.  It  has  never  been  (hown  by  ex- 
periment to  be  a  modification  of  fome  other  faline  fub- 
fiance,  as  fome  chemifts  have  imagined  it  to  be ;  for 
magnefia  has  not  yet  been  either  feparated  into  prin- 
ciples by  analyfis,  or  imitated  by  a  fynthetic  procefs. 
In  the  prefent  ftate  of  chemiftry,  therefore,  it  is  to  be 
confidered  as  a  fimple  fubftance. 

Pure  magnefia,  which  Dr  Black  calls  caujlic^  is  ufed 
in  medicine  as  an  abforbent  and  purgative.  For  heart- 
burnings and  other  complaints  occafioned  by  acidity,  it 
is  preferable  to  common  magnefia:  becaufe  the  carbo- 
nic acid  which  this  lalt  contains  is  difengaged  ill  the 
primary  paflages  by  the  acids,  and  produces  fittofcfl* 
cies,  with  all  that  tram  oC  complaints  which 
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pany  them  :  it  prcfervrs  flefh  for  a  long  time,  and  even 
reftores  putrefied  bile.  Bergman  afcribes  to  it  like- 
wife  the  property  of  rendering  camphor,  opium,  refins, 
-and  gura-refins,  foluble  in  water,  and  of  forming  fome 
valuable  dyes ;  though  cauflic  ujagnefia  be  fcare  fo- 
luble in  water.  Thefe  preparations  are  unknown  in 
France  #. 


Species  111.     Lime. 

Quicklime  is  a  white  fubftance,  of  more  confiftency 
than  the  two  preceding  matters :  it  appears  in  the  form 
of  a  grey  white  ftone.  its  tafte  is  hot,  acrid,  and  u- 
rinous ;  it  poflefles  this  property  in  fo  confiderable  a 
degree  as  to  inflame  the  (kin  when  applied  to  it.  Its 
fpecific  gravity  is  about  2.3 ;  its  form  pulverulent  and 
friable ;  it  is  found  in  places  adjacent  to  volcanoes ; 
as  M.  Monnet  has  obferved  on  the  hills  of  Auvergne. 

Lime  turns  fyrup  of  violets  green,  giving  it  a  much 
more  intenfe  colour  than  it  acquires  from  either  ba- 
rytes  or  magnefia :  indeed,  it  almoft  deilroys  the  ori- 
ginal colour,  and  in  a  fhort  time  produces  in  its  fiead  a 
dirty  yellow. 

Lime,  when  expofed  to  a  ftrong  fire,  fuch  as  that  of  a 
glafs-houfe,  remains  unaltered;  and,  in  a  folitary  ftate, 
it  is  not  fufceptible  of  fufion.  Parker's  burning-glafs 
appears  to  have  brought  it  to  the  beginning  of  fufion  ; 
but  the  lime  was  placed  on  a  fupport  of  charcoal. 
When  heated  in  a  clay  crucible,  its  edges  fometimes  ap- 

X  4  pear 
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pear  to  melt j  but  this  phenomenon  is  occafioned  by  its 
ailing  on  the  earth  of  the  crucible. 

When  expofed  to  the  altion  of  the  air,  lime  fwells, 
breaks,  and  falls  into  powder ;  it  then  increafes  greatly 
in  bulk,  and  is  called  lime  Jlaked  in  the  air.  Tbefe 
phenomena  are  more  remarkable,  and  take  place  more 
rapidly  when  the  air  is  in  a  humid  (late.  This  dry  flak- 
ing produces  heat ;  and  the  dilatation  is  fo  confider- 
able  as  to  burft  caiks,  or  other  wooden  veflels  in  which 
lime  may  be  contained.  After  being  flaked  with  air, 
this  fubftance  appears  under  the  form  of  a  very  fine 
white  duft  ;  it  has  acquired  a  very  confiderable  incrcafc 
of  weight,  and  its  tafte  is  become  much  fainter.  Tbefe 
phenomena  are  occafioned  chiefly  by  the  water  con- 
tained in  the  atmofphere,  and  the  force  with  which  the 
lime  tends  to  unite  with  it.  And  by  heating  lime  which 
has  been  flaked  with  air  in  a  retort,  till  it  becomes  red- 
hot,  water  is  obtained,  and  the  lime  returns  to  its  origi- 
nal ftate. 

Water  a<5ls  very  powerfully  cm  quicklime.  Pour  a 
fmall  quantity  of  that  fluid  on  a  quantity  of  lime,  the 
water  is  inftantly  abforbed ;  and  the  mafs  of  lime  ap- 
pears as  dry  as  before ;  but  it  foon  burfls  and  breaks 
into  pieces.  The  heat  excited  in  it  by  this  operation 
is  fo  ftrong,  as  to  produce  a  remarkable  hilling  noife; 
the  water  is  reduced  to  vapour  of  a  peculiar  fine!],* 
which  communicates  a  green  colour  to  paper  tinged 
with  mallows.  The  lime  foon  falls  down  to  a  powder; 
and  the  heat,  motion,  and  fmoke,  gradually  dUappov* 
It  the  procefs  be  performed  at  night,  in  a  place  pc 
dark,  a  great  many  luminous  points  are  < 
pyer  the  furface  of  the  lime,    AU  the  ** 
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pend  on  the  aftivity  with  which  this  fali  no- terrene 
fubftance  unites  with  water.  But,  in  order  to  produce 
them,  we  mull  employ  but  a  very  fmall  portion  of  the 
fluid;  only  fo  much  as  the  lime  can  abford  without  ap- 
pearing wet.  It  appears  that  the  heat  difengaged  from 
thefe  two  bodies,  when  tbey  combine  with  fuch  rapi- 
dity, changes  their  ftate;  and  that  the  lime,  when 
flaked,  and  reduced  to  a  ftate  of  pulverization,  contains 
water  in  a  dry  and  folid  form.  This  dry  ftate  of  water 
—which  takes  place  in  many  of  the  combinations  in 
which  heat  performs  a  part,  and  produces  folid  com- 
pounds, whofe  fpecific  beat  is  lefs  than  that  of  the  bo- 
dies  of  which  they  are  formed, — has  not  yet  fufficient- 
ly  engaged  the  attention  of  chemifts ;  indeed  it  has  been 
but  lately  obferred.  When  lime  has  abforbed  as  much 
water  as  it  can  contain,  without  becoming  wet,  it  is 
then  called  dryjlaked  lime;  water  no  longer  excites  any 
beat  in  it,  and  only  difiblves  it,  without  producing  any 
very  difcernible  motion.  By  mixing  lime  with  a  proper 
quantity  of  water,  we  obtain  milk  of  lime ;  and  by  add- 
ing fo  much  water  as  may  be  neceflkry  to  effect  a  com- 
plete folution  of  this  falino-terrenous  matter,  we  produce 
a  liquor  perfectly  tranfparent.  Mr  Kirwan  fays,  that 
about  680  times  its  weight  of  water  is  neceflkry  to 
maintain  it  in  folution  at  the  temperature  of  6c*. 

This  folution,  which  is  known  by  the  name  of  lime- 
•water,  is  clear  and  limpid.  It  is  but  very  little  heavier 
than  common  water,  has  an  acrid  urinous  talte,  com- 
municates a  deep  green  to  fyrup  of  violets,  and  even 
produces  upon  it  an  entire  alteration  of  colour.  Li  me- 
ter, when  evaporated  in  clofe  velfels,  affords  very 
pure  water,  lc*vja»MaMaMffl»ack-luiie  at  the  bo:- 
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torn  of  the  veflels :  But  this  refidue  needs  to  be  very 
ftrongly  heated,  in  order  to  feparate  entirely  the  water 
which  dill  adheres  to  it.  After  which  this  fluid  excites 
heat  in  it,  in  the  fame  manner  as  before  its  folution. 

Lime-water,  when  expofed  to  the  air,  is  covered 
with  a  dry  pellicle,  which  becomes  gradually  thicker 
and  more  folid.  If  the  fir  ft  pellicle  be  taken  off,  a  fe- 
cond  is  formed,  and  this  procefs  may  be  repeated  till 
all  the  water  be  evaporated.  Thefe  pellicles  have  been 
improperly  termed  cream  of  lime.  This  was  formerly 
thought  to  be  a  peculiar  fait,  formed  by  the  union  of 
the  fined  calcareous  earth  with  water ;  and  much  has 
been  written  concerning  this  pretended  fait  of  lime. 
But  it  is  now  well  known  from  the  experiments  of  the 
celebrated  Black,  that  the  cream  of  lime  poflefles  fa- 
line  properties  lefsa&ive  than  thofe  of  lime,  and  that  it 
is  a  peculiar  neutral  fait  formed  by  the  combination  of 
lime,  with  a  certain  acid  contained  in  the  atmofphere; 
and  the  cream  is  never  formed  on  lime-water,  except 
when  it  is  expofed  to  the  air.  We  (hall  elfewhere  exa- 
mine this  fait  under  the  name  of  carbonate  of  time  *r 
chalk.  The  manner  in  which  the  oxigenous  and  the  a* 
zotic  principles  affed  lime  is  not  yet  known  :  it  is  proba- 
ble that  this  bafe  abforbs  and  fixes  fome  part  of  gas  a* 
zote,  and  at  leaf!  contains  the  bafe  of  this  gas. 

Lime  combines  with  filiceous  earth  in  both  the  humid 
and  the  dry  way.  If  fand  be  mixed  with  lime  newly  flak- 
cd,  or  with  quick-lime  fprinkled  with  a  fmall  quantity 
of  water  at  the  time  of  mixing,  the  two  bodies  become 
confident,  and  form  what  is  called  mortar.  This  mix- 
ture is  liable  to  many  varieties  ;  from  the  ftate  and 
quantity  of  the  quick-lime,  the  quantity  of  water  with 

which 
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which  it  has  been  flaked,  the  circumflance  of  the  fand 
being  mixed  with  it  at  the  inftant  of  its  flaking,  or  not 

• 

till  fome  time  afterwards;  and  from  the  fize,  the 
round nefs,  the  inequality,  the  moifture,  or  drynefs  of 
the  fand  *.  Mortar  is  alfo  compofed  with  clay  baked 
for  bricks,  and  with  puzzolana,  which  is  nothing  but 
clay  baked  by  volcanic  fire,  and  altered  by  the  contact 
of  the  air. 

Though  lime,  as  well  as  filiceous  earth,  be  abfolutely 
infufible  by  itfelf ;  yet  if  thefe  two  fub (lances  be  heat- 
td  together,  the  former  in  a  greater  proportion  than 
the  latter,  they  are  fufceptible  of  fufion,  as  has  been 
obferved  by  Meflrs  d'Arcet  and  Gerhard,  Lime  like- 
wife  melts  with  a  quantity  of  aluminous  earth  equal  to 
one-third  of  its  own  weight;  and  Mr  Kir  wan  fhows, 
that  it  has  a  greater  affinity  with  this  than  with  filice- 
ous earth.  A  mixture  of  all  the  three  fubftances  melts 
eafier  and  more  completely  than  a  mixture  of  lime 
with  any  one  of  the  other  two.  Thus  one  part  of  lime 
and  one  of  alumine  will  occafion  the  fufion  of  two  parts, 
or  even  of  two  and  an  half  of  filice.  From  this  fad  we 
underfland  why  fo  many  (tones,  apparently  hard,  fcin- 
tillating,  and  quartzofe,  melt  notwithftanding,  when 
expofed  to  a  ftrong  fire.  The  combination,  or  even  the 
mixture  of  calcareous  earth  and  clay,  with  filiceous 
earth,  occafions  this  phenomenon. 

It  is  not  yet  known  in  what  manner  lime  ads  on  ba- 
lytes. 

One  part  of  calcareous  earth  produces  the  fufion  of  one 

half 

•  See  Rcchcrchci  par  M.  dc  la  Fayc,  fqr  la  preparation  qnc  ks 
Remains  donnoicat  a  la  chaos,  Paris  1 777-8*  f*  ■*■»- 

uc. — F. 
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half  part  of  magnefia.  The  glaft  formed  by  this  mix- 
ture,  in  fire  completely  diflblves  and  reduces  to  fufiona 
quantity  of  filiceous  earth  equal  to  the  quantity  of  the 
lime.  Accordingly,  equal  parts  of  magnefia,  lime,  and 
filice,  when  expofed  to  fire  together,  afford  a  perfcd 
glafs. 

The  intimate  nature  of  lime  is  unknown.  The  firft 
chemifts  who  attempted  to  explain  by  phyfical  reafon- 
ings  the  phenomena  which  lime  difplays  in  its  combi- 
nations, and  efpecially  when  flaked,  afcribed  them  to 
the  fixation  of  particles  of  fire  in  the  calcareous  ftooc 
during  its  calcination.  Such  was  Lemery's  theory* 
Meyer  was  of  opinion  that  pure  fire  was  not  fufcepttble 
of  fuch  a  combination,  and  that  there  was  a  peculiar 
acid  which  combined  with  it  in  the  lime.  This  fubtlc 
kind  of  fulphur  was  the  acid um  ping ue,  or  caujiicumoi 
that  chemift.  But  this  dodrine,  which  has  fince  been 
repeatedly  offered  to  the  world  under  different  names, 
is  overthrown  by  a  feries  of  experiments  clearly  de« 
monftrating  its  falfity.  Many  modern  chemifts  think, 
that  the  matter  of  heat  is  combined  in  lime  ;  and  that 
by  its  difengagement  during  the  flaking  of  this  fub- 
flance,  the  light  obferved  by  Meyer  and  M.  Pelletier, 
the  ebullition  and  the  evaporation  of  the  water,  as  well 
as  the  peculiar  fetid  odour  exhaled  on  the  occafion,  are 
produced.  It  appears,  however,  from  what  has  been 
faid,  that  the  principles  and  compofition  of  lime  are 
ftill  unknown.  Some  very  diftinguifhed  naturaliftl 
have  thought  it  to  be  in  all  probability  a  certain  pre- 
paration of  filiceous  or  aluminous  earth  effeded  by  the 
organs  of  animals ;  but  this  is  by  no  means  certain.  It 
is  furely,  however,  formed  by  marine  animals;  its  coo* 

ftituetf 
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ftituent  parts  are  certainly  united  and  combined  under 
water  during  the  life  of  thofe  organic  beings ;  and  azote 
is  certainly  one  of  its  conftituent  parts  :  yet  all  this  is 
inefficient  to  determine  the  opinion  of  modern  natural- 
ills,  who  require  accurate  and  repeated  experiments. 

lime  is  made  ufe  of  in  many  of  the  arts;  more  efpe- 
cially  in  building.  In  medicine,  lime-water  is  fuccefs- 
fully  prefcribed  in  ulcerous  cafes,  &c.  It  has  been 
thought  a  powerful  lithon  trip  tic.  But  long  experience 
has  fliown,  that  it  does  not  always  operate  the  cures 
expe&ed  from  it ;  and  that  where  the  ufe  of  it  is  too 
long  continued,  it  produces  on  the  animal  fluids  an  al- 
teration approaching  to  fcurvy  or  fepticity  *. 


CHAP, 

*  Mr  Kirwin  fayi,  that  in  hot  water,  lime  is  {  more  foluble  than  in 

iter  of  the  common  temperature  of  6o°  Fahrenheit.     From  Laroifier 

leatrn,  that  1000  parti  of  lime  are  capable  of  abforbing  and  retaining, 

at  the  heat  of  600°  Fahrenheit,  228  parts  of  water.    Bergman  makes 

the  fpecific  gravity  of  lime  to  be  2,720. — H. 


CHAP.      III. 
Genus  II.     Alkali  Salts. 

A  LKALIS  come  to  be  treated  of  before  acids,  be- 
■*■*■  caufe  they  appear  to  be  more  fimple  and lefs  dc- 
compofable,  and  becaufe  they  referhble  in  fome  proper- 
ties the  falino-terrene  fubftances.  They  have  an  urinous 
acrid  cauftic  tafte :  they  turn  fyrup  of  violets  green, 
excite  heat  in  uniting  with  water,  abforb  both  the 
moifture  and  the  carbonic  acid  of  the  atmofphere,  and 
diffblve  earths  by  the  force  of  their  tendency  to  com- 
bination *.  Three  fpecies  of  alkalis  are  known  j  potafh, 
or  vegetable  fixed  alkali  j  foda,  or  mineral  fixed  alkali; 
and  ammoniac,  or  volatile  alkali. 

Species  I.     Potajb. 

This  fpecies,  which  we  denominate potaJb%  has  becnt 
called  vegetable,  fixed  alkali ;  becaufe,  though  often 
met  with  in  minerals,  it  is  found  in  greateft  abundance 
in  vegetables.  It  has  likewife  been  named  alkali  cf 
tartar,  becaufe  a  confiderable  quantity  of  it  may  be  ob- 
tained from  this  faline  fubftance ;  which  will  afterwards 
come  under  our  examination.  Dr  Black  was  the  firft 
who  difcovered  potafli  in  a  ftate  of  purity.  Formerly 
this  fait  was  called  cauftic  fixed  alkali,  to  diftinguifh  it 
from  common  fixed  alkali. 

This 

*  To  thefe  q\\*Yit\e%  mv$  Yre,  vidtd*  the  property  of  rendering  «fc 
mi  (able  with  wattT%— tt. 
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This  fait,  in  a  ftate  of  confiderable  purity,  is  white  * 
and  of  a  dry  folid  form  :  its  fapidity  is  fo  ftrong,  that 
it  diflblves  the  texture  of  the  (kin.  It  communicates 
inftantaneoufly  to  the  fyrup  of  violets  a  deep  green  co- 
lour, much  more  obfervable  than  that  which  lime  cau- 
tcs  the  fame  fyrup  to  affume.  It  alters,  and  almoft  entire- 
ly deftroys  this  colour,  changing  it  to  a  brown  yellow* 

We  know  not  in  what  manner  light  affects  this 
(alt. 

Potafli,  when  expofed  to  the  altion  of  fire  in  clofe 
veflels,  is  inftantly  foftened,-  and  by  the  time  when  it 
begins  to  appear  red,  becomes  entirely  liquid.  If  it 
be  then  poured  on  a  fmooth  hard  fur  face,  it  cools  into 
a  white,  opaque,  brittle  mafs.  It  is  not  decompofable 
by  heat.  A  mod  intenfe  heat,  fuch  as  that  of  the  fur- 
nace of  a  glafs-houfe,  is  fequifite  to  volatilize  it.  In 
all  thefe  operations  it  diflblves  part  of  the  clay  veflels  in 
which  it  is  contained. 

When  expofed  to  the^  open  atmofphere,  it  attracts 
jnoifture  ftrongly,  diflblves  into  a  liquid,  and  gradual- 
ly pafles  into  the  ftate  of  a  neutral  fait,  by  abforbing 
the  acid  diffufed  through  the  atmofphere.  By  this  means, 
it  acquires  on  fuch  occafions  an  increafe  of  weight, 
and  becomes  capable  of  effervefcing  with  acids;  which 
never  takes  place  when  it  is  in  that  ftate  of  purity  in 
which  we  have  fuppofed  it.  To  preferve  it  pure,  there- 
fore, it  muft  be  kept  in  clofe  veflels  entirely  full 
of  it. 

Potafli  diflblves  very  readily  in  water ;  it  then  excites 
a  confiderable  degree  of  heat,  and  exhales  a  fetid  lix- 
ivious  odour.  The  folution  is  colourlefs  ;  and  when 
very  pure,  affords  no  precipitate*  .  To  feparate  it  from 
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the  folvcnt,  the  folution  muft  be  evaporated  to  diy- 
nefs  in  clofe  veflels.    If  this  operation  be  performed  in 
open  veflels,  the  acid  of  the  atmofphere  is  attraded, 
and  renders  the  pot-afh  effervefcent.    And  this  abfbrp- 
tion  takes  place  fo  readily  ;  that  if  a  folution  of  this 
fait  be  expofed  to  the  open  air  for  ever  fo  Ihort  a  fpace 
of  time,  it  fuffers  an  alteration,  and  is  in  fa&  neutra- 
lized.    In  a  flafk  which  it  does  not  entirely  fill,  aod 
which  is  frequently  opened,  it  is  liable  to  the. fame  alte- 
ration.   The  adion  of  oxigene  and  azote  on  this  alkali 
is  not  known. 

Potafh  combines  with  filice  in  the  dry  way,  and 
caufes  it  to  melt  together  with  itfelf :  the  two  compofc 
a  tranfparent  body,  known  by  the  name  of  glafs. 
This  body  is  liable  to  varieties  from  the  various  pro- 
portions in  which  the  filiceous  fand  and  the  fixed  alka- 
li are  united  in  it.  Two  parts  of  the  fait  with  one  of 
earth  afford  a  foft  brittle  glafs,  which  attrads  moiftuie, 
and  becomes  at  length  opaque  and  fluid.  This  glafs  is 
foluble  in  water,  on  account  of  its  containing  fo  much 
more  than  an  equal  proportion  of  alkali.  The  folution  * 
is  called  liquor  of  flints.  It  at  length  depofites  part  of 
the  earth  which  it  contains,  in  white  fe mi- tranfparent 
flakes,  apparently  mucilaginous,  and  fo  light  thatthej 
fubficle  but  very  flowly.  Acids  feize  the  alkali,  and 
precipitate  the  earth,  which  is  called  earth  of  flints. 
But  to  make  this  procefs  fucceed,  care  muft  be  taken 
that  the  liquor  of  flints  be  not  too  much  diluted  by  the 
water.  In  that  cafe,  the  particles  of  the  earth  being 
too  much  divided,  remain  fufpended  in  the  liquor,  wtt 
evaporation  is  requifite  to  produce  the  prectp&M 
Several  chemifts  are  of  opinion,  that  earth  of  ffibtt 
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not  the  fame  with  filiceous  earth  ;  on  which  they  think 
the  alkali  has  produced  an  entire  alteration.  They 
think  it  to  he  more  like  aluminous  earth,  and  believe 
that  by  combination  with  acids,  it  affords  the  fame 
falts  which  are  obtained  by  combining  acids  with  alu- 
minous earth.  Such  was  the  opinion  of  Pott  and  M. 
Baume.  But  Scheele  has  (hown,  that  that  portion  of 
the  earth  precipitated  from  liquor  of  flints,  which  is  fo- 
luble  in  acids,  is  part  of  the  aluminous  earth  of  the  vef- 
fel  in  which  the  operation  is  performed,  diflblved  by 
the  mixture  of  alkali  and  filiceous  earth. 

The  art  of  making  glafs  is  entirely  chemical,  as  glafs 
is  nothing  but  a  combination  of  fixed  alkali  with  fili- 
ceous earth.  The  purity,  the  proportion,  and  the  com- 
plete fufion  of  thefe  two  fubftances  by  a  fire  fufficiently 
intenfe,  and  kept  up  for  a  proper  length  of  time,  are 
the  three  conditions  requifite  for  the  preparation  of 
glafs,  of  a  proper  tranfparency,  of  fufficient  hardnefs, 
and  liable  to  no  alteration  from  the  attacks  of  air.  We 
ihall  afterwards  learn  what  other  fubftances  are  mixed 
With  thefe  two  in  this  compofition,  in  order  to  ren- 
der the  glafs  more  weighty  and  tranfparent,  and  to 
communicate  to  it  feveral  other  properties  which 
fender  it  fitter  for  the  purpofes  to  which  it  is  ap- 
plied* 

Potafti  ads  not  with  the  fame  force  on  aluminous 
4s  on  filiceous  earth  :  bur  the  phenomena  which  it 
exhibits,  when  applied,  to  alumme,  are  not  yet  well 
known. 

This  fait  appears  to  be  fufceptible  of  combination 
with  barytes,  magnefia,  and  lime*  But  its  combina- 
tions with  thefe  fubftances  have  -■  ~   l#vcu« 

Vol.  I. 
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rately  examined  as  to  admit  of  our  giving  a  particular 
account  of  them  here. 

Although  potafli  has  never  yet  been  decompofed ; 
yet  a  number  of  fads  with  which  the  reader  fliall  be 
hereafter  made  acquainted,  concur  to  fhow  that  it  is 
not  a  fimple  fubftance.  Stahl,  who  confidered  fimple 
falts  as  a  combination  of  earth  and  water,  thought  that 
fixed  alkali  diifered  from  the  acids  only  by  containing 
a  greater  proportion  of  earth  :  and  in  this  manner  he 
accounted  for  its  drynefs,  &c.  Pbtafh,  in  all  probabi- 
lity is  a  combination  of  fome  one  of  the  three  preceding 
earths  with  azote.  Some  analogies  lead  me  to  think 
that  it  contains  lime.  But  this  conjecture  is  not  yet  fup- 
ported  by  a  fufficient  number  of  fa&s. 

Potafh  is  ufed  in  furgery  to  corrode  the  flrin,  and  pro- 
duce inflammation  and  fuppuration in  certain  cafes*. 

Species  II.     Soda. 

« 

This  faline  fubfilance.  which  exhibits  the  fame  gene- 
ral chara&eriftics  w;ith  the  foregoing,  has  received  the 
name  of  mineral  fixed  alkali :  It  is  found  in  abundance, 
combined  with  a  peculiar  acid  fait  in  fea- water,  and  in 
fome  fpring- waters :  fometimes  too  it  is  met  with  in  ve- 
getables, but  much  feldomer  than  potafh*  This 
iah  has  been  called  marine  alkali,  from  its  making  a 
part  of  marine  fait ;  and  alkali,  or  fait  of  foda,  becaufe 
it  is  ofteneft  obtained  from  this  fubitance.      We  prcfef 

the  iimple  name  o(foda. 

The 

*  Potafli  i6  extrafted  by  Uxivtation  and  fubfequent  cencemtratom,  fro» 
the  alhca  of  wood,  ferns,  and  other  vegetables.  That  which  we  «b- 
ali;  meet  with  in  commerce,  is  manufactured  chiefly  in  North  As*n> 
ca,  or  in  the  northern  countries  of  the  continent  of  Europe*  HoweWft 
tit  is  potafh  i*  not  ^uve,  W.  *ta&y«  more  or  lefs  contaminated  and 

UaiiaecL— li. 
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The  tafte  of  foda  is  equally  ftrong  and  cauftic  with 
that  of  potafh.  It  turns  the  fy  rup  of  violets  green,  and 
produces  the  fame  alteration  as  potafh  on  this  colour: 
it  appears  naturally  in  a  dry  and  folid  form.  It  melts 
in  fire  as  it  begins  to  become  red-hot  :  a  violent  heat 
volatilizes  it :  it  adts  on  aim  oft  all  the  veffels  in  which 
it  can  be  expofed  to  heat. 

When  expofed  to  atmofpheric  air,  it  attra&s  its  moif- 
ture,  and  the  peculiar  acid  which  it  contains  :  fo  as  to 
become  gradually  a  neutral  (alt.  The  manner  in  which 
it  is  affeded  by  oxigene  and  vital  air  is  not  yet  known. 

It  difiblves  in  water  with  heat,  and  the  difengagement 
of  a  fetid  lixivious  odour.  It  cannot  be  obtained  pure 
after  this  folution  but  by  evaporation  in  clofe  veffels. 
The  lixiviate,  when  expofed  to  the  air,  readily  abforbs 
its  acid,  and  becomes  neutral.  Therefore,  to  prefer ve 
it  pure,  it  muft  be  kept  in  clofe  veffels. 

Soda  readily  combines  with  iiliceous  earth  in  the  dry 
way,  fo  as  to  compofe  glafs.  Glafs-makers  have  even 
obferved  it  to  be  more  fuiible,  and  to  adhere  more  rea- 
dily and  firmly  with  this  earth  than  potafh  ;  to  which 
they  on  this  account  prefer  it.  And  therefore  what 
was  faid  above  concerning  the  u'fe  of  potafh  in  glafs- 
making,  may  be  applied  to  foda.  Laftly,  this  alkali,  as 
well  as  potafh,  combines  with  acids  and  many  other  bo- 
dies, as  we  fhall  afterwards  underftand. 

After  this  account  of  the  properties  of  foda,  we  muft 
obferve,  that  there  is  no  very  remarkable  difference  be- 
tween potafh  and  foda  when  both  are  in  a  ftate  of  puri- 
ty. It  is  only  in  their  combinations  that  the  difference 
of  their  natures  can  be  diftingujlhed*    When  combin- 

Y  *  ed 
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ed  with  the  fame  acid,  they  afford  neutral  falts  totally 
different  from  each  other  ;  and  this  is  the  more  furpriP 
ing  becaufe  it  is  impoffible  to  diftiuguifh  the  one  from 
the  other  when  they  are  in  a  pure  cauftic  ftate,  as 
we  have  here  examined  them.  Bergman  adds  another 
diftin&ive  property  of  thefe  falts  which  is  well  worth 
knowing  ;  they  have  not  the  fame  affinity  with  acid*. 
Potafh  has  a  ftronger  affinity  with  thefe  faline  fubftances 
than  foda :  and  is  capable  to  decompofe  neutral  falts, 
confiding  of  combinations  of  the  latter.  We  (hall  take 
farther  notice  of  this  when  we  come  to  examine  fecoo- 
dary  or  neutral  falts. 

The  compofition  or  intimate  nature  of  foda  is  equally 
unknown  as  that  of  potafh.  The  fame  analyfis  leads 
me  to  think  that  foda,  as  well  as  potafh,  is  a  combina- 
tion of  an  earth  with  azote ;  and  that  it  is  the  difference 
of  the  earthy  bafe  which  forms  the  chara&eriftic  diffe- 
rence between  the  two  fajts.  Magnefia  is  poffibly  the 
bafe  of  foda,  as  I  have  for  fome  years  hinted  in  my 
le&ures,  and  M.  Lorgna  has  fince  attempted  to 
prove.  But  the  fads  on  which  this  opinion  is  found- 
ed, are  not  fufficiently  exad  and  numerous  to  jut 
tify  our  confidering  it  as  a  certain  truth.  As  to  its 
ufes,  it  is  employed  in  making  glafs,  in  preparing  foap^ 
&c.  #. 

Species 

*  The  a(hes  of  fea -plants,  which  are  annually  burnt  to  fufioa  *• 
round  the  coafts  of  Scotland  and  its  contiguous  iflets ;  and  are  &U, 
tinder  the  name  of  helpy  are  valuable  only  for  the  foda  which  they  cor 
tain.  Soda  is  likewife  produced,  feparately,  by  nature,  in  twohk* 
in  Egypt.     It  it  there  known  by  the  name  of  natron — H. 


Saline  Sab/lances.  341 


Species  Til.     Ammoniac. 

What  we  call  ammoniac  is  a  fait  commonly  known 
l>y  the  name  of  volatile  alkali.  It  is  diftinguifhed  from 
Che  two  foregoing  falts  by  a  keen  fuffocating  fmell  and 
a  remarkable  volatility.  This  fait,  like  the  fixed  al- 
kalis, was  not  known  in  a  ftate  of  purity  before  the 
ingenious  experiments  of  Black  and  Prieftley.  A  cer- 
tain imperfelt  neutral  fait  was  miftaken  for  it,  which 
is  folid  and  cryftallifed,  and  poffefies  indeed  fome  of 
the  properties  of  volatile  alkali,  but  is  really  a  com- 
pound of  two  faline  fubftances.  The  property  of  ef- 
fervefcing  with  acids,  which  has  been  afcribed  to  vola- 
tile alkali,  belongs  only  to  that  neutral  fait,  which  will 
be  afterwards  defcribed. 

That  which  is  known  in  the  laboratory  under  the 
name  of  caujlic,  or  fluor  volatile  alkali,  and  in  phar- 
macy by  the  name  of  volatile  Jpint  of  fal  ammoniac,  is 
not  pure  ammoniac ;  it  is  only  a  folution  of  ammoniac 
in  water.  Dr  Prieftley  has  fhown,  that  by  the  opera- 
tion of  a  gentle  heat,  a  permanent  gas  may  be  extract- 
ed from  it;  and  that  the  water,  when  deprived  of  this 
gas,  gradually  lofes  its  alkaline  properties.  This  aeri- 
form fluid  is  ammoniac,  and  is  known  by  the  name  of 
ammoniac  gas.  This  is  the  body  whofe  properties  we 
mud  examine,  if  we  wifh  to  know  thofe  of  genuine 
volatile  alkali;  as  Macquer  has  very  properly  obferved. 

To  obtain  this  elaliic  fluid,  put  into  a  fmall  retort  or 
a  glafs  matrafs  a  certain  quantity  of  liquid  ammoniac. 
Adapt  to  the  retort,  or  the  matrafs,  a  curved  tube  or 
Jyphon;  the  extremity  of  which  is  to  be  immetftti 

y  3  \w» 
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into  a  pneumato-chemical  machine  filled  with  mer- 
cury; fothat.it  may  be  received  under  art  inverted 
glafs  filled  with  -the  fame  metallic  fluid.  Heat  the  bot- 
tom of  the  retort  or  matras  With  burning  charcoal  or 
the  flame  of  fpirit  of  wine.  Suffer  the  firft  part  of  the 
elaftic  fluid,  which  is  moftly  common  air  from  the  vef- 
fel  and  the  tube,  to  efcape  ;  and  as  foon  as  the  ebulli- 
tion becomes  ftrong,  colledJ:  the  gas  in  the  inverted 
glafs.  The  diftillation  mud  not  be  carried  fo  far  as  to 
evaporate  the  water;  or  at  lead  the  tube  which  is 
ufed  fhould  in  the  middle  fwell  into  a  bowl  that  may 
be  kept  cool,  fo  as  to  condenfe  the  vapour :  tbe  am- 
moniac gas  will  then  be  obtained  very  dry  and  pure. 

The  gas  thus  obtained  refembles  air,  and  has  the 
fame  tranfparency  and  elafticity.  It  is  rather  lighter, 
however;  its  fmell  is  more  penetrating;  and  itstafteis 
acrid  and  cauftic.  It  inftantly  converts  the  blue  co- 
lour of  violets,  mallows,  and  radifties,  into  a  deep 
green,  but  does  not  alter  it,  as  the  pure  fixed  alkalis  do. 
It  kills  animals,  and  corrodes  the  fkin,  if  expofed  for 
any  time  to  its*contatt. 

Though  it  does  not  ferve  to  maintain  combuftion,  but 
extinguiflies  bodies  in  inflammation,  yet  it  increafes  be- 
fore extinguifhing  the  flame  of  a  wax-candle :  it  ren* 
ders  its  bulk  ibmewhat  more  confiderable,  and  caufes 
it  to  aflume  a  pale  yellow  colour  round  the  edge. 
This  fact  proves  that  ammoniac  gss  is  partly  inflam- 
mable. 

Porous  bodies,  fuch  as  charcoal,  fponge,  &c.  ab* 
forb  it. 

Dr  Prieflley  has  difcovered,  that  the  eledlric  fpark, 
in  pafling  tYuou^Vv  &tt\tacKv\&c  ^as,  renders  its  balk  - 
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three  times  greater  than  before,  and  difengages  from  it 
a  portion  of  hydrogenous  gas.  The  caufe  of  this  phe- 
nomenon is  hitherto  unknown ;  only  it  appears  that 
the  ammoniac  is  decompofed  in  this  experiment,  and 
that  the  two  matters,  of  which,  as  we  (hall  prefently 
ihow,  it  is  compofed,  are  feparate*},  and  pafs  into  the 
ftate  of  elaftic  fluids. 

Ammoniac  gas  is  one  of  thofe  elaftic  fluids  which 
heat  dilates  the  mod.  Atmofpheric  air  does  not 
combine  with  this  gas ;  it  only  dilates  and  divides  it. 
The  a&ion  of  vital  air  on  this  fluid  has  not  yet  been 
examined. 

Water  readily  abforbs  ammoniac  gas :  if  in  the  (late 
of  ice,  it  immediately  melts  with  cold ;  but  on  the  con- 
trary, this  gas  communicates  heat  to  fluid  water.  Wa- 
ter faturated  with  this  gas,  or  liquid  ammoniac,  is  the 
fubftance  known  by  the  name  olifiuor  and  caujlic  vola- 
tile alkali.  We  (ball  hereafter  fee  that  the  pureft  and 
mod  concentrated  volatile  alkali  is  prepared  by  receiv- 
ing the  gas  into  diftilled  water  till  the  liquid  be  fatu- 
rated with  it. 

Ammoniac  gas  has  no  difcernible  ad  ion  on  earths 
or  falino-terrene  ftibftances ;  but  it  afts  vigoroufly  on 
acids  and  a  number  of  neutral  falts,  as  we  (hall  here- 
after fee.  Liquid  ammoniac  has  the  fame  properties 
as  the  gas;  only,  it  poflefles  them  in  a  lefs  eminent 
degree  :  For  the  gafeous  aggregation  being,  according 
to  one  of  the  laws  of  affinity,  much  weaker  than 
that  of  liquids;  of  confequence,  ammoniac  gas  mud 
have  a  greater  tendency  to  combination  than  liquid  am- 
moniac. 

Y  4  This 
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This  fait  has  been  confidered  as  a  combination  of 
fixed  alkali  with  a  combuftible  fubftance.  What  gave 
rife  to  this  conjecture  was,  that,  in  many  inftances, 
fixed  alkalis,  when  heated  with  inflammable  matters, 
produce  ammoniac.  But  it  was  not  known  whether, 
on  fuch  occafions,  fixed  alkali  entered  entire  into  the 
compofition  of  ammoniac,  or  only  fupplied  a  peculiar 
principle,  which,  by  combining  with  part  of  the  com- 
buftible matter,  formed  this  fait.  The  nature  of  am- 
moniac is  at  prefent  fomewhat  better  known.  The  fine 
experiment  of  Dr  Prieftley,  in  which  he  changed  al- 
kaline into  inflammable  gas,  by  means  of  the  ele&ric 
fpark,  made  feveral  chemifts  fufpeft  this  laft  fub» 
fiance  to  be  one  of  the  principles  of  ammoniac.  M» 
Berthollet  having  engaged  in  a  particular  feries  of 
experiments  with  a  view  to  determine  this,  has  at 
length  fhown  ammoniac  to  be  a  compound  of  the 
hydrogenous  and  the  azotic  principles,  with  a  cer* 
tain  quantity  of  the  caloric.  He  has  drawn  this  in- 
duction from  obferving  the  adtion  of  oxigenated  mu- 
riatic acid  on  ammoniac,  the  decompofition  of  am- 
moniacal  nitrate  in  clofe  veflels,  and  the  redu&ion  of 
metallic  oxides  by  means  of  ammoniac.  Each  of 
thefe  fads  will  be  particularly  examined  in  our  bif- 
tory  of  the  compound  fubftances  into  which  ammo- 
niac enters.  Here  we  fliall  content  ourfelves  with  ob- 
ferving, that  by  heating  combinations  of  the  oxides 
of  copper  and  gold  with  ammoniac,  water  and  gas 
azote  are  obtained,  and  the  metals  are  reduced.  Ifl  J 
fuch  operations  the  ammoniac  is  decompofed,  I 
hydrogene  combining  with  the  oxigene  «*f 
prides,  forms  the  water;  the  met** 
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the  azote,  the  other  principle  of  the  ammoniac,  beco- 
ming free,  combines  with  the  caloric,  and  the  two  are 
difengaged  in  gas  azote.  Berthollet  concludes  ammo- 
niac to  conffet  of  fix  parts  of  azote  and  one  of  hydro- 
gene,  with  a  certain  quantity  of  caloric  *. 

Ammoniac  diluted  in  water  is  adminiftered  in  a  great 
many  difeafes.  It  is  aperient,  and  powerfully  incifive. 
It  ads  ftrongly  on  the  fkin  ;  it  is  prefcribed  as  a  reme- 
dy for  the  bite  of  vipers,  and  for  cutaneous  and  vene- 
real complaints,  &c. 

As  it  is  acrid  and  cauftic,  it  is  to  be  very  cautioufly 
ufed.  Externally  applied,  it  is  very  ferviceable  in 
difcoffing  tumours,  efpecially  fuch  as  are  formed  by 
coagulated  milk,  lymph,  &c.  I  have  prefcribed  it 
fuccefsfully  in  thefe  cafes  :  it  is  a  ready  cure  for  burn- 
.ings;  and  is  often  fuccefsfully  applied  for  chilblains,  &c. 
It  has  been  long  ufed,  and  under  a  variety  of  names, 
as  a  rood  adtive  ftimulant  in  cafes  of  fyncope,  apoplexy, 
&c.  But  it  fhould  be  ufed  in  very  moderate  quantities 
in  thefe  latter  cafes  :  it  is  dangerous  to  adminifter  it  in- 
ternally,  unlefs  diluted  in  a  large  quantity  of  water. 
Alarming  excoriations  have  fometimes  been  produced 
on  tbe  dud  of  the  odbpbagus  and  the  membranes  of 
the  ftomacb,  in  cafes  where  it  has  been  raflily  adminU 
ftered* 
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"  Genus  III.     Acids. 

AC  IDS  are  known  by  their  four  tafte  when  dila- 
ted in  water ;  they  convert  blue  vegetable  co- 
lours to  red ;  many  of  them  appear  under  a  gafeous 
form ;  they  combine  rapidly  with  alkalis ;  they  ad 
much  more  powerfully  than  alkalis  on  combuftrbk  bo- 
dies, often  reducing  them  to  a  ftate  of  calcination.  As 
inflammable  matters,  efpecially  metals,  are  found  to 
contain  a  confiderable  quantity  of  oxigene  after  they 
have  been  expofed  to  the  a&ion  of  acids ;  while  theft 
again  are  found  to  have  pafled  at  the  fame  time  into 
a  combuftible  ftate  :  from  thefe  fads  it  may  be  infer* 
red  that  acids  are  by  no  means  the  Ample  bodies  they 
were  thought  to  be,  but  are  in  general  compounds  of 
an  inflammable  matter,  combined  with  oxigene. 

We  are  acquainted  with  ten  different  fpecies  of  acids 
in  the  mineral  kingdom.  We  find  alfo,  in  the  lame 
divifion  of  nature,  the  phofphoric  acid,  united  with  iron, 
lead,  and  lime. 

The  carbonic  acid. 

The  muriatic  acid. 

The  fluoric  acid.  i„ 

The  nitric  acid. 

The  fulphuric  acid. 

The  boracic  acid* 
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■  The  molybdic  acid. 

The  tunftic  acid. 

The  arfenic  acid. 

The  fuccinic  acid. 

We  fhall  here  treat  of  the  firft  fix,  which  are  the  mod 
plenteous  and  befy  known  j  the  other  four  will  be  exa- 
mined elfe  where. 

Species  I.     The  Carbonic  Acid. 

We  give  the  name  of  the  carbonic  acid  to  an  acid 
which  occurs  in  great  abundance  through  the  whole 
of  nature,  and  which  appearing  often  in  the  ftate  of 
an  agriform  fluid,  was  at  firft  called  by  the  Englifli 
Jhtcd  air  ;  afterwards  by  Meffrs  Bewly  and  de  Morveau 
the  mepbitic  acid  ;  by  Macquer  mephitic  gas  ;  by  Berg- 
man the  aerial  acid ;  and  by  Bucquet  the  cretaceous  acid. 
The  propriety  of  the  denomination  which  we  have  a- 
dopted  will  afterwards  appear. 

This  fubftpnee  was  not  always  thought  to  be  an  acid. 
Its  leading  properties  were  obferved  by  Paracelfus, 
Van  Helmont,  Hales,  &c.  But  we  are  indebted  to 
Mefirs  Black,  Prieftly,  Bewly,  Bergman,  and  Chaulnes 
for  our  knowledge  of  its  acidity. 

The  gafeous  carbonic  acid  poflefles  all  the  appa- 
rent cbaraderiftic  properties  of  air.  Like  air,  it  is  in- 
vifible  and  elaftic ;  and  when  inclofed  in  a  glafs  veflel, 
or  floating  in  the  atmofphere,  it  cannot  be  certainly 
diftinguifhed  from  that'  fluid.  It  is  one  of  the  prin- 
\r&§*  of  •♦mftfnhiaic  air,  but  the  moft  fcanty  in  the 
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compofition  *.  It  is  found  perfe&ly  pure  in  fubter^ 
raneous  cavities,  which  it  entirely  fills,  as  in  the 
grotto  del  cane.  It  is  combined  with  a  greater  number 
>  of  natural  bodies,  fuch  as  mineral  waters  and  many 
neutral  falts ;  fpirituous  fermentation  produces  great 
quantities  of  it.  It  is  alfo  formed  by  refpiration  and  the 
combuftion  of  coals :  Laftly,  it  is  conftantly  exhaled 
from  all  parts,  and  more  efpecially  from  the  leaves,  of 
plants  in  the  (hade. 

Though  this  acid,  in  the  (late  of  an  elaftic  fluid,  bat 
all  the  appearance  of  air,  yet  it  poffefles  different  phy- 
fical  properties ;  its  fpecific  gravity,  for  in  (lance,  it 
double  that  of  air.  Like  all  other  fluids,  it  may  be 
poured  from  one  veffel  into  another ;  it  flows  from  the 
cock  of  a  wine-calk,  after  the  wine  is  drawn  off;  its 
tafte  is  pungent  and  fubacid ;  it  is  inftantaneoufly  fatal 
to  animals,  becaufe  it  affords  no  fupply  for  refpiration; 
it  extinguiflies  flaming  tapers,  and  all  bodies  in  com- 
buftion. It  communicates  to  the  tin&ure  of  turnfolea 
bright  red  colour.  That  colour  vaniflies  gradually  in 
the  air  as  the  acid  evaporates.  It  produces  no  altera* 
tion  on  thd  colour  of  violets,  as  it  afts  but  very  feebly 
on  very  deep  and  fixed  colours. 

This  acid  has  but  a  very  faint  tendency  to  combina- 
tion ;  the  weakeft  indeed  of  all  the  bodies  of  the  kind* 

It 

*  M.  La voi Tier's  ingenious  experiments  have  led  bim  to  confidei 
atmofpheric  air  as  a  compound  of  vital  air,  carbonic  acid,  and  azo- 
tic gas,  mod  commonly  in  the  following  proportions. 

Vital  air,  •  «  %n 

Carbonic  acid,  «  •  OI 

Gas  Azote,  -  •  .        7t 

Total  409 
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It  fufiers  no  difccrnible  alteration  from  the  contact  of 
light. 

Heat  dilates  it,  but  produces  no  change  in  the  mix* 
ture. 

It  mixes  with  vital  air,  without  fuffering  any  altera- 
tion; and  the  mixture  will  maintain  refpiration  as  long 
as  the  carbonic  acid  does  not  exceed  a  third  part  of  it. 
On  this  account,  it  admits  of  being  ufed  as  a  remedy 
in  difeafes  of  the  lungs. 

It  combines  with  water  but  very  flowly.  By  fhaking 
thefe  two  fluids  together,  fo  as  to  bring  them  as  much 
as  poffible  into  contact  with  one  another,  they  are  made 
to  unite  and  form  an  acidulous  liquor.  Bergman  gives 
to  this  folution  the  name  of  aerated  water.  But  this 
name  belongs  more  properly  to  water  containing  atmo- 
fpheric  air,  which  it  may  ferve  to  diftinguifh  from  boiled 
water  that  has  been  deprived  of  its  air  by  heat.  The 
colder  water  is,  the  more  of  the  carbonic  acid  does  it 
diflblve.  But  there  is  a  point  of  fdturation ;  even  the 
coldeft  water  cannot  abforb  a  quantity  greater  than 
is  equal  to  its  own  bulk. 

Water  faturated  with  carbonic  acid  is  fomewhat  hea- 
vier than  diftilled  water.  Agitation  makes  it  fparkle; 
it  has  a  pungent,  acidulous  talte,  and  reddens  the  tine* 
ture  of  turnfol.  It  is  decompofable  by  heat;  which 
foon  brings  it  to  a  ftate  of  ebullition,  and  difengages  the 
elaftic  fluid.  The  contact  of  air  produces  the  fame 
cfledt  more  rapidly  in  proportion  as  its  temperature  is 
higher.  Therefore,  in  order  to  preferve  this  acidulous 
liquor,  it  mud  be  inclofed  in  veflcls  properly  (topped, 
and  Handing  in  a  cool  place,  or  under  ftrong  com  predion. 

This  acid  folution  abounds  throughout  nature.  X>f  it 
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acidulous  and  gazeous  waters,  fuch  as  thofe  of  VyU 
mont,  Seltz,  &c.  confift. 

As  this  acidulated  water  is  a  remedy  in  all  putrid  dif* 
orders,  either  by  drinking  or  bathing,  natura lifts  have 
invented  an  apparatus  for  impregnating  with  eafe,  and 
with  all  poffible  quick nefs,  any  quantity  of  water  with 
as  much  of  the  carbonic  acid  as  it  can  maintain  in  fblu- 
tion.  DrPrieftley,  in  the  year  1772,  gave  the  firft  ac- 
count of  a  procefs  for  acidulating  water  that  was  offer* 
ed  to  the  public.  Dr  Nooth  has  invented  a  machine 
for  this  purpofe,  which  has  been  improved  by  Mr  Par- 
ker, and  (till  farther  improved  by  Mr  Magellan.  It  is 
at  prefent  to  be  found  in  all  philofophical  laboratories. 
There  is  an  excellent  defcription,  and  an  engraving  of 
it,  in  Dr  Pried  ley's  Experiments  on  the  different  kinds 
of  Air,  p.  112  to  p.  118;  and  in  Mr  Magellan's  letter 
in  the  fame  work,  vol.  v.  page  83. 

The  carbonic  acid  does  not  ad  upon  filiceous  earth. 
It  is  well  known  that  acidulated  water  alone  never  cry- 
itallifes  filiceous  earth ;  as  was  fome  years  fince  reprc- 
fented  to  the  public. 

The  carbonic  acid  unites  with  alumine,  barytes,  and 
magnefia.     With  thefe  fubftances  it  forms  various  neu-4 
tral  falts,  which  we  (hall  afterwards  have  occafion  to 
examine. 

The  combination  of  this  acid  with  lime  diflblved  ifl 
water,  gives  rife  to  an  invariable  phenomenon,  which  al- 
ways indicates  the  prefence  of  the  acid.  As  foon  as  it 
touches  the  liquid,  it  produces  white  clouds,  which  foon 
thicken  and  form  a  plenteous  precipitate.  Thefe  clouds 
are  owing  to  the  chalk,  or  carbonate  of  lime,  formed  by 
the  combination  of  lime  with  the  carbonic  acid.    This 

new 


Acids.  35 1 

new  falf,  not  being  foluble  in  pure  water,  is  feparated, 
and  fubfides  to  .the  bottom  of  the  fluid.  Lime-water  is 
therefore  a  teft,  by  which  we  may  diftinguifh  the  na- 
ture and  the  quantity  of  the  acid  under  examination,  if, 
after  this  precipitation,  more  of  the  acid  be  added,  the  pre- 
cipitate  will  again  be  difiblved  by  the  additional  quantity 
of  the  carbonic  acid,  and  will  then  difappear.  Here 
is  a  fecond  chara&eriftic  by  which  this  acid  may  be 
known.  The  chalk  thus  diflblved  by  the  addition  of  a 
fecond  quantity  of  the  carbonic  acid,  is  again  precipi- 
tated when  the  liquor  is  heated  or  expo  fed  to  the  air, 
or  laftly,  by  all  the  procefles  which  carry  off  the  fuper- 
fluous  quantity  of  the  carbonic  acid.  Thus,  I  have  re- 
marked, that  the  cauftic  fixed  alkalis  and  pure  ammo- 
niac, when  poured  into  a  folution  of  chalk  with  the  car* 
bonic  acid,  caufe  a  precipitation  by  abforbing  part  of  the 
acid. 

Acidulated  water,  if  poured  into  lime-water,  produ- 
ces upon  it  precifely  the  fame  effeds. 

The  carbonic  acid  combines  rapidly  with  the  three 
alkalis.  If  a  fmall  quantity  of  pure  cauftic  fixed  al- 
kali, in  a  liquid  ftate,  be  put  into  a  veflel  filled  with 
this  acid,  obtained  from  chalk  or  from  beer  in  a  (late  of 
fermentation  j  and  the  mouth  of  the  veflel  be  imme- 
diately clofed  with  a  wet  bladder  :  the  bladder  will  be 
feen  to  contrad  gradually,  on  account  of  the  vacuum 
produced  in  the  veflel  by  the  alkali  abforbing  the  car- 
bonic acid.  The  combination  of  thefe  two  acids  is  at- 
tended with  heat ;  and  the  fides  of  the  veflel  are  foon 
covered  with  cryftals  which  become  gradually  larger. 
This  fait  is  called  carbonate  of  pota/b,  or  carbonate  of 
Jbda,  according  as  the  one  or  the  other  of  thefe  fixed 
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alkalis  is  employed.  Thefe  two  genuine  neutral  faltJ 
were  formerly  called  fait  of  tartar%  and  fait  of  foda* 
We  (hall  examine  their  properties  in  the  following 
chapter. 

Ammoniac  gas,  and  the  aeriform  carbonic  acid 
brought  into  contaft  in  a  clofe  vcflel,  alfo  produce  in* 
flantaneoufly  a  vacuum,  heat,  and  a  thick  white  cloud 
which  forms  into  regular  cryftals,  or  (imply  into  a  craft, 
on  the  fides  of  the  veflels.  This  is  an  imperfed  neu- 
tral fait,  to  which  we  may  give  the  name  of  ammoniaccd 
carbonate,  and  which  was  formerly  called  concrete  vola- 
tile  alkali,  Englifb  fait,  &c. 

The  carbonic  acid  does  not  adhere  to  all  of  thefe 
bafes  with  the  fame  force.  According  to  Bergman, 
barytes  is  the  fubftance  with  which  it  has  the  greateft 
affinity ;  next  in  order  come  lime,  potafh,  foda9  mag* 
nefia,  and  ammoniac.  We  will  have  occafion  in  the 
hiftory  of  neutral  falts  to  take  notice  of  the  fads  ofl 
which  Bergman  has  eftabliflied  this  order  of  affinities. 

The  nature  and  compofition  of  this  gafeous  acid,  hate 
for  fome  years  much  engaged  the  induftry  of  chemiftfc 
Prieftley,  Cavendifh,  Bergman,  and  Scheele,  feem  to  u 
gree  in  thinking  it  a  compound  of  vital  air  with  phlogi* 
Hon.  But  as  the  exiftence  of  that  principle  has  been 
with  reafon  queftioned  by  a  number  of  celebrated 
French  chemifts,  who  have  urged  many  difficulties  and 
objedlions  againft  it,  to  which  no  fatisfa&ory  anfwcr 
can  be  given,  we  cannot  therefore  admit  of  this  fbeory* 
1  once  thought  that  the  carbonic  acid  might  be  a  com- 
pound of  inflammable  gas  with  pure  air  ;  but  the  djt 
covery  of  the  nature  and  the  decompofition  of  water 
renders  that  conjcdure  improbable ;  and  M.  Lavoifief 
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has  fupplied  it  in  its  room  a  fad  fupported  by  demon- 
,  ftrative  evidence. 

This  chemift,  to  whom  the  fcience  is  indebted  for  fo 
many  ingenious  and  nice  experiments,  burnt  a  certain 
quantity  of  charcoal,  deprived  of  all  its  hydrogenous 
gas  by  a  previous  calcination  in  clofe  veffiels, — in  in- 
verted glafies,  filled  with  mercury  above  a  portion  of 
pir :  for  he  had  obfcrved,  that  if  the  operation  were 
performed  without  the  precaution  of  calcining  the  coal, 
drops  of  water  would  be  'obtained,  and  would  neceffa- 
jily  render  the  calculation  inaccurate.     This  operation 
was  performed  by  means  of  a  quarter  of  a  grain  of  aga- 
ric tinder,  placed  on  a  bit  of  coal,  and  covered  with  a 
very  fmall  quantity  of  phofphorus :  a  piece  of  iron  wire 
bent,  and  made  red  hot,  pafled  through  the  mercury,  fo 
as  to  kindle  the  phofphorus;  the  phofphorus  communi- 
cated the  inflammation  ro  the  agaric  tinder,  which  a* 
gain  communicated  it  to  the  coal;  the  inflammation 
was  very  rapid,  and   accompanied  with  much  light. 
The  whole  apparatus  being  cold,  M.  Lavoifier  introdu- 
ced into  the  glafs  a  portion  of  liquid  fixed  cauftic  alkali; 
which  abforbing  the  acid  formed  during  the  combuf- 
tion,  left  part  of  the  vital  air  as  pure  as  at  the  beginning 
of  the  experiment.     Thischemifl  is  of  opinion,  that  in 
this  experiment  the  oxigene,  which  by  combining  with 
caloric  formed  the  vital  air, — produced  a  portion  of  the 
carbonic  acid  by  combining  with  the  matter  of  the  coal* 
while  the  other  principle  of  the  fame  vital  air  was  dif- 
engaged  under  the  form  of  heat  and  light.     A  portion 
ofafhes  remained;  and  the  quantity  of  the  acid  formed 
was  equal  in  weight  to  the  vital  air  confumed,  and  the 
weight  which  the  coal  had  loft.   From  a  number  of  c£t- 
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pcriments  of  this  kind,  M.  Lavoifier  concluded,  that  t 
quintal  of  the  carbonic  acid,  the  name  of  which  the 
reader  may  now  perceive  to  be  founded  on  its  nature, 
confifts  of  about  28  parts  of  pure  carbonaceous  matter, 
and  72  of  oxigene. 

He  thinks,  that  in  the  refpiration  of  animals,  a  real 
carbonaceous  matter  is  ad u ally  difengaged  from  the 
blood,  which  by  combining  with  the  oxigene  of  the  at- 
mofphere,  forms  the  carbonic  acid,  which  is  conftantly 
produced  by  refpiration ;  and  that  in  the  fame  manner 
the  carbonic  acid,  difengaged  in  fpirituous  fermenta- 
tion, is  produced  by  the  combination  of  the  carbona- 
ceous matter  of  fugar  with  the  oxigenous  part  of  water. 

Several  philofophers  have  obferved,  that  this  acid,  in 
a  ftate  of  fluid  elafticity,  poffefles  the  property  of  pre- 
ferving  animal  fubftances,  retarding  their  putrefadioo, 
and  even  reftoring  them  to  a  found  and  frefh  ftate  af- 
ter putrefaction  has  begun  to  take  place.  From  ths 
fadt  Macbride  has  inferred,  that  the  acid  unites  with 
the  body,  thus  reftoring  to  it  what  it  loft  by  putrefac- 
tion. This  latter  phenomenon,  in  bis  opinion  is  oca- 
fioned  by  the  natural  decompoiition  of  organic  matten, 
and  the  diffipation  of  the  carbonic  acid  they  contain, 
which  he  calls  fixed  air;  and  therefore  he  aflertsthc 
ufe  of  this  acid  to  be  indii'penfably  neceflary,  in  order  to 
afford  to  animals  a  fupply  of  what  they  are  fo  conftaot* 
ly  lofing,  and  to  re  (lore  the  fluids  when  altered  by  mo* 
tion  and  heat.  He  acknowledges  the  exiftence  of  thff 
acid  in  frefh  vegetables,  more  efpecially  in  fuch  as  arc 
lufceptible  of  fermentation;  as  a  deco&ion  of  barky 
which  has  been  iuffered  to  germinate,  the  infufiooof 
raifins,  &c.  all  of  which,  he  thinks,  may  be  witheqt*! 
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propriety  prefcribed  in  difeafes  occafioned  by  the  feptia 
motion  of  the  humours ;  fuch  as  the  fcurvy. 

Water  impregnated  with  the  carbonic  acid  has  been 
alfo  propofed  as  a  remedy  in  putrid  bilious  fevers;  and 
has  been  ufed  with  fuccefs  in  a  number  of  inftances; 
The  Englifti  are  faid  to  ufe  the  carbonic  acid,  mixed 
in  a  low  and  unequal  proportion  with  common  air,  in 
difeafes  of  the  lungs. 

It  has  been  ftrongly  recommended  as  a  lithontriptic, 
or  folvent  of  the  (lone  in  the  bladder.  But  there  is  no 
well  authenticated  inflance  of  its  being  fuccefsfully  ufed 
in  France  again  this  dreadful  diftemper.  Befides,  this 
is  contradictory  to  what  Scheele  and  Bergman  have  dis- 
covered concerning  the  (tone  in  the  bladder;  of  which 
we  (hall  elfewhere  fpeak. 

The  newfpapers  have  given  accounts  of  a  number  of 
cancerous  cafes  cured  in  England  by  the  ufe  of  carbonic 
acid.  But  we  can  aflert,  that  we  have  often  feen  it 
ufed  in  fuch  cafes,  and  have  even  tried  it  ourfelves,  flill 
without  effett.  After  the  firft  applications,  the  cance- 
rous ulcer  feems  to  aflame  a  more  favourable  afpeft ;  the 
fanies  which  ufually  flows  from  it  becomes  white,  con- 
fident, and  fomewhat  pure;  the  flefh  aflumes  a  fre(h 
lively  colour;  but  thefe  flattering  appearances  are  falla- 
cious, and  do  not  continue ;  the  ulcer  foon  returns  to 
its  former  ftate,  and  its  progrefs  goes  on  as  before. 

The  period  of  the  firft  difcovery  of  this  acid  by  Dr 
Black  is  to  be  confidered  as  one  of  the  moil  illuflrious 
seras  of  chemical  fcience.  To  point  out  the  influence 
of  this  difcovery  upon  the  fcience,  we  fhall  here  offer 
the  following  remarks,  i.  It  has  made  us  acquainted 
with  a  peculiar  acid.     a.  It  has  explained  the  caufe  <£ 
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the  effervefcence  of  the  common  alkalis,  chalk,  calca- 
reous fpar,  and  magnefia,  when  mixed  with  acids 
ftrongerthan  themfelves.  3.  It  has  enabled  us  to  di- 
itinguifh  all  alkaline  matters  as  exifting  in  two  dates, 
pure  and  caujlic,  or  J oft,  with  tbe  property  of  caufing  tf- 
fervefcence.  4.  It  has  thrown  new  light  on  the  hiftory  of 
the  elective  attra&ions  of  ammoniac  and  chalk  for  the 
acids.  5.  It  has  furnifhed  us  with  one  of  the  firft  in- 
ftances  of  an  acid  preferring  lime  to  the  fixed  alkalis. 

6.  The  hiftory  of  places  containing  mephitic  air,  caverns 
which  are  inftantly  fatal  to  tbe  life  of  animals,  is  be- 
come fince  this  difcovery  more  iimple  and  intelligible* 

7.  To  the  former  analyfes  of  waters,  we  have  been  en- 
abled to  add  by  this  difcovery  an  accurate  knowledge 
of  gafeous,  fpirituous,  and  acidulous  waters;  fo  that  we 
can  now  produce  by  rule  the  moil  perfect  imitations  of 
them.  8.  It  has  likewife  made  us  much  better  ac- 
quainted with  the  folutionsof  iron  contained  in  various 
waters;  and  has  taught  us  how  to  make  up  martial 
waters  exadly  refembiing  thole  of  nature.  9.  It  has 
made  us  acquainted  with  a  new  clafs  of  neutral  falls 
alkaline  and  metallic,  which  have  the  carbonic  acid 
for  one  of  their  principles,  and  to  which  we  (hall  there- 
fore give  the  name  of  carbonates  in  this  work.  10.  It  has 
opened  a  new  trad  for  the  rele arches  of  naturalifts  and 
chemifts,  and  has  roufed  that  ardour  for  fuch  purfuits,  to 
which  we  are  indebted  for  all  the  fine  difcoveries  wbkb 
have  been  made  fince  that  period.  The  name  of  Black 
will  therefore  be  famous  in  the  annals  of  chemiftiy if 
long  as  tbe  lcience  (hall  be  cultivated. 

As  to  the  production  of  this  acid  by  the  define 
fpark  puffing  ihiou^h  vital  air,  we  muft  obfitifCj  4 
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in  the  experiments  of  M.  Landriani,  the  iron  ufed  as 
the  condudtor  of  the  ele&ric  fluid,  is  evidently  the 
caufe  of  the  phenomenon  by  means  of  the  plumbago,  or 
carbure  of  iron,  which  it  contains.  The  trivial  quanti- 
ty of  the  acid  obtained,  is  an  unequivocal  proof  of  this. 
There  are,  no  doubt,  many  cafes  in  which  the  car- 
bonic acid  is  decompofed  and  refolved  into  ks  princi- 
ples, as  well  as  other  acids  :  Thus,  for  inftance,  water 
faturated  with  this  acid  is  much  fitter  than  diftillcd  or 
common  water  for  the  production  of  vital  air  on  leaves 
expofed  to  the  rays  of  the  fun  :  the  vegetable  fubftance 
feems  to  abforb  the  carbonaceous  matter,  while  the 
light,  acting  like  heat,  contributes  by  feparating  the 
oxigene,  to  the  production  of  vital  air.  It  is  likewife 
very  remarkable,  that  certain  oxides  of  iron,  diftilled 
in  a  pneumato-cbemical  machine,  afford  only  carbonic 
acid  as  they  pafs  to  the  (late  of  aethiops  or  black  oxide 
of  iron.  This  depends  either  on  the  carbonaceous  mat- 
ter, or  the  plumbago  contained  in  feveral  kinds  of  iron. 
The  carbonaceous  matter,  by  abforbing  part  of  the 
oxigene  of  the  iron,  forms  the  acid  which  is  difengag- 
ed.  Thefe  newly  difcovered  fads  will  be  explained 
more  at  length  in  fome  of  the  following  chapters  of 
this  work#. 

Species  II.     The  Muriatic  Acid. 

In  the  laboratories,  the  name  of  marine  acid%  or  fpi- 
rit  of  /alt,  ox  liquid  muriatic  acid,  is  given  to  a  fluid 
of  the  confiftency  of  water,  of  a  tafte  flrong  enough  to 

Z  3  corrode 

•  According  to  Ktrwaa,  the  proportion  of  carbonic  acid  to  that 
of  combos  dr,  is*  at  *  Btr  Milrct  it  69,50  to 

48,81.    The  prop" 
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corrode  our  organs    when    it    is   concentrated ;    but 
which,  when  diluted  in  water,  affefis  the  tongue  only 
with  a  fournefs  and  ftipticity.     This  fluid,   when  per* 
feftly  pure,  is  abfolutely  colourlefs*     When   it  is  red, 
or  citror-coloured,  like  the  marine  fait  of  the  (hops,  it 
owes  its  colour  to  fome  combuftible  fubftances,  fre- 
quently to  iron,  which  alters  it.     This  acid  is  obtained 
from  marine  fait  or  muriate  of  foda,  as  we  (hall  fee  in 
the  hiftory  of  that  fait.     If  ftrong  and  concentrated, 
it  exhales  when  expofed  to  the  air  a  white  vapour 
-or  fmoke.     It  has  a  lively  penetrating  faiell,  which 
when  faint  or  much  diluted,  refembles  the  fmell  of  ci- 
trons, or  the  apple  called  the  golden  rennet.     It  is  then 
called  the  fuming  muriatic  acid.    Its  vapour  rifes  moft 
copioufly  when  the  air  is  moid.     If,  on  opening  a  flalk 
full  of  this  acid,  you  put  your  band  to  its  orifice,  yoo 
feel  a  fenfible  heat ;  which  is  occafioned  by  the  combi- 
nation of  the  acid  in  the  ftate  of  vapour  with  the  water 
of  the  atmofphere. 

The  muriatic  acid  communicates  a  deep  red  to  the 
fyrup  of  violets,    and  all  blue  vegetable  colours,  bat 
does  not  abfolutely  deftroy  them.     This  liquor,  how* 
ever  concentrated  and  fuming,    is  not  muriatic  acid 
in  a  pure  and  feparate  (late ;  but   muriatic  acid  cod* 
bined    with   a   confiderable  quantity    of    water.    Dr 
Prieftley  has  eftablifhed  this  truth  beyond  a  doubt,  bf 
Hi  owing  that  this  acid  may  be  reduced  to  a  gas,  wai 
rendered  permanent  in  that  ftate,  over  a  portion  of  mer- 
cury, by  the  temperature  and  prefiure  of  the  arnwt 
phere  :  we  muft  therefore  examine  the  properties  of 
this  gas,  if  we  wifli  to  acquire  a  knowledge  of  tbofc 
of  the  muriatic  acid,  unmixed  and  in  a  (late  of  purity 
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The  muriatic  acid  gas  is  obtained  by  heating  the  li- 
quid faming  acid  in  a  retort,  the  extremity  of  which 
enters  a  bell-glafs  full  of  mercury.  The  gas  being  much 
snore  volatile  than  the  water,  pafles  through  the  retort 
into  the  glafs  ;  it  difplays  all  the  apparent  properties  of 
common  air,  but  is  more  ponderous.  It  has  a  keen 
penetrating  odour  ;  and  is  fo  cauftic  that  it  inflames 
the  fkin,  and  often  occafions  violent  itchings.  It  fuf- 
focates  animals,  and  extinguifhes  the  flame  of  a  taper, 
after  magnifying  it  and  caufing  it  to  aflame  a  green  or 
bluHh  flame  round  its  edges.  Spongy  bodies  abforb  this 
acid. 

Light  does  not  appear  to  alter  it  in  any  fenfible  de- 
gree. Heat  rarefies  it,  and  increafes  its  elafticity  a- 
mazingly.  Atmofpheric  air,  mixed  under  bell-glafles 
with  muriatic  gas,  caufes  it  to  aflame  a  fumy  or  va- 
porous form,  and  is  gently  heated  ;  from  which  it  ap- 
pears that  a  combination  actually  takes  place.  When 
the  air  is  humid,  thefe  vapours  are  more  difcernible  : 
M.  d'Arcet  has  obferved  that  they  are  not  perceptible 
on  the  tops  of  high  hills,  where  the  air  is  very  dry.  The 
white  vapours  exhaled  by  the  muriatic  acid  gas  are 
therefore  owing  to  the  water  contained  in  the  atmof- 
fphere.  Neither  the  liquid  acid  nor  the  gas  abforbs  vi- 
tal air  in  a  ftate  of  elafticity,  in  any  fenfible  degree  ; 
yet  fome  properties,  which  we  (hall  mention  by  and  by, 
enable  them  to  combine  with  the  oxigenous  principle. 
It  is  aflerted  that  the  liquid  muriatic  acid  may  be  cau- 
fed  to  abforb  a  portion  of  vital  air,  by  Ihaking  them 
violently  together. 

*The  muriatic  acid  gas  combines  rapidly  with  water. 
Ice,  on  coming  into  contact  with  it,  inftantly  melts,  to 
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abforb  it.  Water  uniting  with  this  ga$  acquires  a  con- 
fiderable  heat.  When  faturated  with  it,  it  cools  and 
becomes  the  fame  with  the  liquid  acid  from  which  the 
gas  was  obtained  ;  it  exhales  white  vapours,  is  colour- 
lcfs,  reddens  fyrup  of  violets,  &c.  We  (hall  afterwards 
fee,  that  the  mod  concentrated  and  pure  liquid  muria- 
tic acid  is  obtained  by  faturating  pure  water  with  the  e- 
laftic  fluid. 

The  muriatic  acid  gas  has  no  power  of  a&ion  on  (Hi* 
ceous  eatth;  it  combines  with  aluminous  earth,  andbj 
this  combination  forms  aluminous  muriate. 

It  unites  with  the  falino-terrene  fubftances,  forming 
in  combination  with  them  barytic,  magnefian,  and  cal- 
careous muriates. 

Irs  combination  with  potafh  is  the  febrifuge  fait  of 
Sylvius,  or  muriate  of  potafli  :  with  mineral  alkali  or 
foda,  it  gives  marine  fait,  common  fait,  or  muriate  of 
foda. 

The  muriatic  acid'gas  when  brought  into  contad  with 
ammoniac  gas,  acquires  a  confiderable  beat.  The  two 
elaftic  fluids  penetrate  each  other,  a  white  cloud  ia* 
ftantly  rifes,  the  mercury  is  elevated  in  the  glaflcs, 
and  the  fides  of  the  glafles  are  foon  covered  over  with 
ramified  cry  dais,  which  are  fal  ammoniac,  or  ammooi- 
acal  muriate.  If  the  two  gafes  be  very  pure,  they 
difappear  entirely  when  the  concretions  are  formed, 
and  the  heat  difengaged.  This  experiment  among  o- 
thers  proves,  i.  That  bodies  which  pais  from  a  liquid 
to  a  folid  ftate,  abforb  in  their  tranfitioh  a  certain  quan- 
tity of  the  caloric  principle,  or  the  matter  of  heat;  for 
the  caufe  which  converts  the  muriatic  acid  into  a  ga*t 
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is  its  receiving  an  additional  quantity  of  beat.  2.  That 
the  heat  abforbed  by  elaftic  fluids,  in  their  aerification, 
is  difengaged  when  they  return  to  a  liquid  or  folid 
flate.  3.  That  the  elafticity  of  fluids  is  produced  by 
their  abforbing  and  combining  with  beat ;  and  that  all 
aeriforta  fluids  are  compoynd  bodies,  which  owe  their 
form  to  fixed  heat,  or  the  caloric  principle,  as  we  have 
elfewhere  fhown.  * 

The  muriatic  acid  abforbs  the  carbonic  acid ;  but 
the  reciprocal  adion  of  thefe  two  acids  has  not  yet  been 
properly  examined.  The  muriatic  is  known  to  be  the 
ftronger  of  the  two ;  for  it  difengages  the  carbonic  from 
all  its  bafes,  and  enters  itfelf  into  combination  with 
them.  Bergman  arranges  its  attractions  for  the  diffe- 
rent alkaline  bafes  in  the  following  order,  proceeding 
from  that  with  which  it  has  the  ftrongeft  to  that  with 
which  it  has  the  weakeft  affinity  :  barytes,  potafh,  fo« 
da,  lime,  maguefia,  ammoniac,  alumines. 

The  intimate  nature  of  the  muriatic  acid,  and  the 
principles  of  its  compofition,  are  unknown.  Beccher 
imagined  it  to  confift  of  fulphuric  acid  with  mercu- 
rial earth;  becaufe  he  had  CrtrffeftfSd  that  acid  to  have 
a  ftrong  affinity,  and  combine  very  readily,  with  all  the 
bodies  in  which  he  admitted  the  exiltence  of  this  prin- 
ciple, fuch  as  arfenic,  mercury,  &c.  Stahl  has  not  il- 
luftrated  Beccher's  opinion  concerning  this  acid.  And 
among  all  the  ingenious  experiments  of  the  moderns, 
there  is  none  which  throws  any  light  on  the  conftituenc 
principles  of  the  muriatic  acid.  As  its  bafe  is  unknown 
to  lis,  we  cannot  determine  whether  it  admits  of  two 
ftates  of  faturation  with  oxigene;  in  one  of  which,  the 
bafe  being  completely  faturated,    the   acid   mud  be. 
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ftronger,  while  in  the  other  the  bafe  being  combined 
with  a  (mailer  quantity  of  oxigene,  the  acid  muft  be 
weaker,  according  to  what  has  been  obferved  of  the  ni- 
tric, the  nitrous,  the  fulphuric,  and  the  fulphureous  a- 
cids.  Even  the  exigence  of  oxigene  in  the  muriatic 
acid  has  not  yet  been  fully  evinced ;  it  is  only  from 
analogy  that  it  has  been  admitted. 

Scheele  is  the  only  chemifl  who  has  done  any  thing 
of  confequence  on  this  head.  In  the  year  1774*  be 
made  an  important  difcovery  concerning  the  different 
dates  in  which  this  acid  exifts.  By  diftilling  a  quanti- 
ty of  muriatic  acid  upon  oxide  of  manganefe,  be  ob- 
tained this  acid  in  the  form  of  a  yellowifh  gas,  of  a  very 
pungent  fmell,  amazingly  expanfive,  and  capable  of 
diffolving  any  metal  with  facility,  mercury  or  gold  not 
excepted.  He  thought  that,  in  this  inftance,  the  man- 
ganefe, which  he  imagined  to  be  very  greedy  of  phlo- 
gifton,  abibrbed  the  phlogifton  of  the  muriatic  acid; 
and  he  therefore  called  this  acid,  after  it  had  under- 
gone this  operation,  dephlogijlicated  marine  acid;  and 
thought  that  it  diflblved  gold,  from  its  avidity  to  unite 
with  a  new  portion  of  phlogifton.  No  unequivocal 
experiment,  however,  demonftrated  the  cxiftence  of 
the  inflammable  principle  in  this  acid  :  and  in  the  year 
1780,  1  fufpefted  that  it  was  the  bafe  of  vital  air 
contained  in  the  manganefe,  which  entered  into  union 
with  the  muriatic  acid ;  as  may  be  feen  in  the  firft 
edition  of  my  Elements  under  the  articles  Aqua  Rtgi* 
and  Manganefe,  Isc.  M.  Bcrthollct,  my  fellow-acade- 
mician, has  fhown  that  conjc&ure  to  be  a  certain  truth, 
by  a  ieries  of  accuraxe  and  ingenious  experiments. 
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•  A  diftillation  of  the  muriatic  acid  on  oxide  of  man- 
ganefe,  afforded  him  yellow  vapours  without  the  help 
of  fire.  If  the  retort  be  heated,  and  the  vapours  receiv- 
ed in  flaflcs  full  of  water,  and  immerfed  in  ice,  a  very 
fmall  portion  of  the  acid  is  diflblved,  but  the  water  is 
foon  faturated ;  after  the  faturation  of  the  water,  the 
reft  of  the  gas  a  flumes  a  concrete  form,  and  falls  in  cryf- 
tal*  to  the  bottom  of  the  liquor.  This  fait  melts,  and 
rifes  in  bubbles  with  the  mod  moderate  heat. 

The  oxigenated  muriatic  acid  in  a  liquid  form,  or 

« 

diflblved  in  water,  has,  according  to  M.  Berthollet,  an 
harfh  though  not  an  acid  tafte;  it  whitens  and  de- 
flroys  vegetable  colours,  without  changing  them  fir  ft  in- 
to  a  red ;  it  neither  expels  the  carbonic  acid  from  its 
bafes,  nor  produces  any  effervefcence  with  alkaline 
fubftances  faturated  with  that  acid ;  in  fhort,  it  poffefies 
not  the  ufual  properties  of  acids.    If  heated  with  quick- 
lime, it  effervefces,  and  gives  out  vital  air,  fo  that  the 
remains  is  nothing  but  calcareous  muriate ;  which  is  evi- 
dently produced  by  the  difengagement  of  the  oxigenc 
with  which  the  acid  was  faturated.     The  oxigenated 
muriatic  acid  produces  likewife  an  effervefcence  when 
it  combines  with  pure  ammoniac.     The  refult  of  this 
combination  is,  on  the  one  hand,  water;  on  the  other, 
azotic  gas.     In  this  inftance,  the  oxigenated  muriatic 
acid  and  ammoniac  are  both  decompofed;  the  hydro- 
gene,  which  is  one  of  the  principles  of  the  ammoniac, 
unites  with  the  oxigene,  with  which  the  muriatic  acid 
is  fuper-faturated,   and  by  their  union  the  water  is 
formed  ;  while  again,  the  azote,  the  other  principle  of 
the  ammoniac,  uniting  with  the  caloric,  efcapes  under 
an  elaftic  form,  and  produces  the  effcrvefcent  motion 
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obferved  in  this  experiment.  Laftly,  the  oxigenated 
muriatic  acid  converts  metals  into  oxides,  and  diflblves 
them  without  occafioning  effervefcence.  It  deftroys 
vegetable  colours,  as  it  paffes  into  the  ftate  of  common 
muriatic  acid.  All  thefe  experiments  prove,  that 
Scheele's  dephlogifticated  muriatic  acid,  is  a  combina- 
tion of  this  acid  in  a  pure  ftate,  with  the  bafe  of  vital 
air,  or  the  oxigenous  principle;  and  that  its  proper 
name  is,  aerated  or  oxigenated  muriatic  acid,  as  I  have 
lhown  in  my  firft  edition.  M.  Berthollet  has  not  yet 
determined  what  quantity  of  oxigene  the  muriatic 
acid  mud  abforb,  in  order  to  acquire  the  properties 
of  oxigenated  muriatic  acid*.  In  March  1787,  he 
difcovered  that  oxigenated  muriaric  gas,  received  into 
a  lixiviate  of  cauftic  potafh,  forms  a  cryftallifable  neu- 
tral fait,  which,  like  nitre,  or  even  in  a  greater  degree, 
produces  detonation  on  burning  coals ;  affording  by 
the  a&ion  of  the  fire  very  pure  vital  air,  or  oxigenous 
gas,  and  leaving  a  refidue  of  muriate  of  potato. 
Thefe  experiments  concur  to  fupport  the  theory  which 
I  offered  to  the  public  feven  years  fince,  concerning 
the  nature  of  the  oxigenated  muriatic  acid ;  for  the 
detonation  of  oxigenated  muriate  of  potafh  is  plainly 
owing  to  its  containing  an  extraordinary  quantity  of 
oxigene.  Soda  forms  only  a  deliquefcent  fait  with  the 
oxigenated  muriatic  acid. 

The  muriatic  acid  is  made  ufe  of  in  feveral  of  the 
arts,  and  more  efpecially  in  the  art  of  a  flaying  in  the 
humid  wayf .     In  medicine,  it  is  well  diluted  in  wa- 
ter, 

*   See  Journ.  de  Fh^/ique%  tome  xxvi.  page  32 1,  Mat  1785. 

■j*   See  ltergman,  t\t  -VtacvKftKi*  Vm\t^  O^ufc.  Vol.   U.     Ordtf 
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ter,  and  adminiftered  as  a  diuretic,  an  antifeptic,  and 
a  cooler ;  it  is  the  chief  ingredient  of  the  Prior  de  Cha- 
briers  cure  for  ruptures.  It  is  externally  applied  as  an 
efcbarotic,  to  deftroy  altered  flefh,as  a  cure  for  the  gan- 
grene in  the  throat,  aphthae,  &c.  Mixed  with  a  certain 
quantity  of  water,  it  compofes  a  bath  for  the  feet,  ufed 
by  fome  people,  and  confidered  as  a  fecret,  for  draw- 
ing the  gout  from  the  more  vital  to  the  inferior  parts. 

But  the  oxigenated  muriatic  acid  has  been  known 
for  too  fhort  a  fpace  of  time  to  adipit  of  its  being  much 
ufed  in  the  arts.  M.  Berthollet  thinks  that  it  may  be 
fiicqe&fully  employed  for  difcovtring  in  a  few  minutes 
er  hours,  what  effe&s  the  a&ion  of  air  would  produce 
on  coloured  fluffs,  and  thus  determining  the  fixity  or 
alterability  of  the  colours  :  be  has  of  late  recommend- 
ed it  for  whitening  linen  and  unbleached  yarn :  and 
the  firft  trials,  which  have  been  made  in  Paris  on  a 
pretty  extenfive  fcale,  promife  favourably.  It  may  like- 
wife  be  advantageoufly  employed  for  whitening  in  a 
Jhoit  time  the  yellow,  and  more  efpecially  the  green 
wax  from  our  ifiands  *. 

Species  III.     'The  Fluoric  Acid. 

The  fluoric  acid,  difcovered  by  Scheele,  has  recei- 
ved this  name  becaufe  it  is  obtained  from  a  fort  of 
earthy  neutral  fait,  with  which  we  fhall  afterwards  get 
acquainted  under  the  name  offiuorjpar. 

This  acid  when  pure  has  a  gafeous  forih,  and  we 

muft 

*  The  oxigenated  muriatic  acid  is  now  generally  ufed  in  bleaching,  in 
coofequence  of  the  experiments  of  M.  Berthollet.  By  M.  Chaptel  it  it 
recommended  to  make  old  books  and  manufcripts  legible.  In  its  concrete 
form,  it  is  cryftaUifcd  into  quadrangular  pri&ns,  truncated  tcxj  obliquv 
j,  and  terminated  by  a  lozenge.— -H. 
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rouft  examine  its  properties  as  it  exifts  in  that  ftate. 
The  fluoric  acid  is  more  ponderous  than  common  air* 
It  extinguifhes  lights  and  kill  animals.  It  has  a  pun- 
gent penetrating  fmell,  nearly  the  fame  with  that  of  the 
muriatic  acid  gas,  but  rather  lefs  keen.  Its  caufticity 
is  fuch  that  it  corrodes  the  fkin,  however  fbort  the 
fpace  of  time  during  which  it  is  expofed  to  its  contad. 
It  fuffers  no  fenfible  alteration  from  light.  Heat  dilates 
it,  but  without  changing  its  nature. 

The  water  contained  in  atmofpheric  air,  enables  it  to 
deftroy  the  tranfparencyof  the  fluoric  acid,  and  convert 
it  into  a  white  vapour;  which  it  does  more  or  lefs  readi- 
ly, according  as  it  contains  a  greater  or  a  lefs  quantity 
of  water.  This  phenomenon  refembles  that  which  the  miK 
riaticacid  prefents  on  the  fame  occafion;  but  the  vapour 
of  the  fluoric  gas  is  thicker  than  that  of  the  other. 

The  fluoric  acid  gas  unites  eagerly  with  water,  and 
heat  is  produced  at  the  inftant  of  their  union.  A  pecu- 
liar phenomenon  appears  on  this  occafion,  namely,  the 
precipitation  of  a  very  fine  white  earth,  which  appears' 
to  be  filiccous  earth.     From  this  circumftance  it  ap- 
pears that  the  acid  is  far  from  being  pure  in  the  ftate 
of  elaftic  fluidity.     It  becomes  pure,  therefore,  onlj 
when  the  earth,  which  adhered  to  it  when  it  was  vola- 
tilized, has  been  feparated  by  the  action  of  water.    A 
folution  of  this  gas  in  water  conftkutes  the  acid  fpirit 
of  fluor ;  the  fmell  and  caufticity  of  which  are  very 
ftrong,  when  the  water  is  faturated  with  it.  This  liquid 
acid  communicates  a  itrong  red  colour  to  the  fyrupof 
violets.     According  to  Scheele  and  Bergman,  it  poffeP 
(es  the  fingular  property  of  diflblving  filiceous  carib. 
.AUJjoufch  the  ftuorlc  acid  gas,  on  uniting  with  wa- 
ter. 
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ter,  dcpofite  a  confiderablc  quantity  of  this  earth,  yet 
it  ftiil  retains  fo  much  that  alkalis  caufe  ic  to  afford  a 
new  precipitate. 

Dr  Prieftley  obferved,  that  the  fluoric  acid  gas  cor- 
roded and  penetrated  common  glafs9  and  found  ic  ne- 
cefiary  to  ufe  thick  glafs  bottles  for  his  experiments. 
Macquer  thought  that  the  acid  produced  this  effett 
only  when  in  a  gafeous  ftate,  but  was  incapable  of  at- 
tacking glafs  when  liquid  or  diluted  in  water.  Thi9 
opinion  is  founded  on  the  circumftance  of  water's 
precipitating  the  filiceous  earth,  which  is  maintained 
in  a  ftate  of  folution  in  the  fluoric  gas.  But  it  is  to 
be  remembered,  that  the  water  does  not  entirely  fepa- 
rate  the  earth  from  the  acid ;  and  therefore  the  fluoric 
acid  mud  retain,  even  in  a  fluid  ftate,  the  power  of 
ading  on  glafs  and  filiceous  ftones. 

The  liquid  fluoric  acid  may  be  decompofed  like  fpi- 
rit  of  (alt  by  heating  it  in  a  retort,  the  extremity  of 
which  enters  a  bell-glafs  full  of  mercury.  By  this  means 
the  acid  is  obtained  in  gas,  and  leaves  the  water  pure. 

The  two  French  chemifts  who,  in  the  year  1 773,  pub- 
lifhed,  under  the  name  of  M.  Boullanger,  a  feries  of  ex* 
periments  on  the  vitreous  fpar,  or  the  fparry  fluor,  are 
of  opinion  that  the  acid  of  this  fpar  is  nothing  bu: 
a  combination  of  muriatic  acid  with  an  earthy  mat . 
ter,  which  water  only  is  capable  of  feparating  from  it. 
But  Scheele  has  fuccefsfully  combated  this  opinion* 
He  confide rs  it  as  a  peculiar  acid,  ftrikingly  diftin- 
guilhcd  from  all  others  by  the  various  combinations 
of  which  it  is  fufceptible.  And  bis  opinion  is  at  pre- 
fent  very  generally  received  among  chemifts. 

The  fluoric  is  the  only  mineral  acid  capable  of  dif- 
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folving  filiceous  earth.  Bergman  and  Scheele  were  of 
opinion,  in  the  year  1779,  that  this  earth  might  very 
probably  be  a  compound  of  the  fluoric  acid  with  wa- 
ter; becaufe  the  fluoric  acid  gas  depofites  no  fmall 
quantity  of  filiceous  earth,  when  brought  into  contalt 
with  water.  But  an  experiment  of  M.  Meyer's  bai 
fince  proved,  that  the  earth  precipitated  on  that  occa- 
sion comes  from  the  glafs  veflel,  part  of  which  is  dif- 
folved  by  the  acid.  That  chemift  took  three  cylindri- 
cal tin  veflels,  into  each  of  which  he  put  an  ounce 
of  vitreous  /par  and  three  ounces  of  fulphuric  acid, 
which  having  a  greater  affinity  than  the  fluoric  acid 
with  lime,  is  fuccefsfqlly  employed  to  feparate  this 
latter  acid :  to  one  of  thefe  mixtures  he  added  ag 
ounce  of  pulverized  quartz ;  to  the  fecond  an  ounce  of 
powder  of  glafs ;  the  third  he  left  pure  without  any 
addition:  in  each  of  the  cylinders  he  hung  a  wet 
fponge,  and  clofing  up  the  veflels,  expofed  them  to  * 
moderate  temperature.  Half  an  hour  after,  he  found 
a  filiceous  duft  depofited  on  the  fponge  of  the  mixture 
containing  the  glafs ;  at  the  end  of  twelve  hours,  the 
fponge  of  the  veflel  containing  the  quartz  was  likewife 
covered  over  with  an  earthy  incruftation  ;  but  even  af- 
ter feveral  days  the  fponge  of  the  third  veflel  exhibited 
no  fuch  appearance.  Bergman  fent  an  account  of  thjs 
experiment  to  M.  de  Morveau,  letting  him  know  at  the 
fame  time,  that  he  now  gave  up  his  opinion  concern- 
ing the  formation  of  filiceous  earth  by  the  combination 
of  the  fluoric  acid  gas  with  water.  The  precipitation 
is  therefore  owing  to  the  glafs  diflblved  by  the  fluoric 
acid  gas ;  and  the  acid  is  not  pure  till  after  the  precipi- 
tate has  been  framed  from  it  by  water  and  alkalis. 
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The  fluoric  acid,  either  in  a  gafeous  or  a  liquid  ftate, 
unites  with  aluminous  earth,  forming  with  it  aluminous 
fluate* ,  a  fweet  tafted  neutral  fait,  which  readily  af- 
fumes  the  confiftency  of  a  thick  jelly. 

It  combines  alio  with  barytes :  the  fait  refulting  from 
this  combination,  to  which  we  give  the  name  of  ba~ 
rjtic  fluate,  is  a  pulverulent  fubftance. 

With  magnefia  the  fluoric  acid  forms  a  cryftallifable 
(alt,  magnefian  fluate. 

It  forms  a  precipitate  with  lime  water,  producing  in- 
fiantly  calcareous  fluate. 

It  combines  with  potafh  to  form  fluate  of  potajb ; 
with  foda,  it  produces  fluate  offoda;  laftly,  combin- 
ing with  ammoniac,  it  forms  the  fait  which  we  call  am- 
moniac al  fluate. 

Thfc  fbort  account  of  thefe  faline  combinations  (hows 
„    th*  fluoric  acid  to  be  evidently  different  from  the  mu- 
.  xiatic.     Its  affinities  with  the  different  bafes  afford  new 
proofs  in  fupport   oT  the  fame  truth.     Bergman   ob- 
fcrves,  that  the  fluoric  acid,  when  united  with  potafh, 
may  be  feparated  from  it  by  lime-water,  which  caufes 
,  .  the  folution  of  that  fait  to  afford  a  precipitate.    The 
^   fame  thing  takes  place  on  a  folution  of  the  barytic 
'fluate,  which  becomes  muddy  when  lime  is  put  into  it. 
!    Bergman  gives  its  eledtive  attractions  in  the  following 
order;   lime,  barytes,  magnefia,  potafh,  foda,  ammo- 
niac: but  he  confeffes  that  more  experiments  are  necef- 
tatty  to  eftablifh  fully  this  order  of  affinities. 

Vol.  I.  A  a  The 

-   *  According  to  the  methodical  nomenclature  which  we  hare  pro- 
2>ofed,  the  word  fluorate  is  here  to  he  ufed  ;  hot  we  contract  it  into 
^  and  we  (hall  do  the  fame  for  th*  fulphuric  %cM,  u&&^  jvlgb** 

of/vJfbura/t.—F. 
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The  fluoric  acid  gas  has  not  as  yet  been  applied  to 
any  purpofe  in  the  arts  :  but  its  power  of  diflblving  fili- 
ceous  earth,  will  in  all  probability  render  it  very  ufeful 
in  chemical  operations,  when  procefles  for  obtaining 
it  more  conveniently  than  at  prefent,  (hall  have  been  in- 
troduced. 

Species  IV.     The  Nitric  Acid. 

What  is  called  Jpirit  of  nitre  in  the  laboratory,  is  a 
combination  of  this  acid  with  water.  In  a  liquid  ftate 
and  pure,  the  acid  is  white  ;  but  if  altered  in  the  fmall- 
eil  degree,  it  becomes  yellow  or  red  ;  and  there  arifes 
from  it  in  great  abundance  a  vapour  of  the  fame  co- 
lour. It  is  fo  cauitic  that  it  burns  and  deftroys  io- 
ltantaneoufly  the  organization  of  the  mufcies*  It  red- 
dens fyrup  of  violets,  and  entirely  deftroys  its  co- 
lour. 

On  being  expofed  to  the  rays  of  the  fun,  it  acquires 
according  to  Scheele,  an  higher  colour  and  greater  vo- 
latility ;  and  from  this  it  appears  that  light  ads  upon  it: 
As  it  acquires  a  deeper  colour,  vital  air  is  difengagtd 
from  it. 

Heat  volatilizes  this  acid,  and  feparates  the  colouring 
matter  in  the  form  of  red  vapours. 

When  red,  it  unites  eagerly  with  water,  which 
aflumes  in  confequence,  a  green  or  blue  colour:  itap* 
pears  to  have  acquired  a  considerable  degree  of  heat  in 
entering  into  this  combination.  When  united  with  a 
large  quantity  of  the  fluid,  it  forms  aquafortis. 

The  white  and  the  red  nitrous  acids  were  fonntffy 
conlidered  a*  btttigcf  the  fame  fubilauce,  only  conceo* 

"     ■       3  u** 
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:ed  in  different  degrees;  the  higher  coloured  was 
wght  to  be  the  mod  concentrated  of  the  two.  But 
are  now  better  acquainted  with  the  nature  of  this 
ne  fubftance,  and  know  it  to  be  capable  of  exifting 
two  different  ftates.  In  one  of  thefe  the  acid  of  nitre 
ieftitute  of  colour,  more  ponderous,  and  lefs  vola- 
',  and  emits  only  a  white  finoke ;  in  the  other,  it  ia 
&  colour  varying  in  (hade  from  a  yellow  to  a  brown 
I,  is  more  light  and  volatile,  and  is  conftantly  emit- 
;  red  vapours,  in  greater  or  lefs  abundance,  accord- 
;  to  the  temperature  to  which  it  is  expofed.  Berg*. 
n  diftinguifhes  between  thefe  two  ftates  of  the  acid 
nitre,  by  giving  to  the  one  the  name  of  dcpblogifli- 
ed9  to  the  other  that  of  pblogijlicated ;  we  give  to 
:  former,  the  white,  the  name  of  the  nitric  acid;  to 
r  coloured,  the  name  of  the  nitrous  acid.  The  caufe 
thefe  diftindions  will  hereafter  be  fhown  :  Only,  we 
y  here  obferve,  that  if  the  coloured  and  fuming  nU 
us  acid  be  diftilled  in  a  glafs  retort,  the  red  part 
ts  firft  off  in  vapour,  and  what  remains  is  a  white 
i  colourlefs  acid.  The  darker  the  colour  of  the  fpi- 
of  nitre  fubjedcd  to  diitillation,  fo  much  the  greater 
the  quantity  of  the  vapours  obtained,  and  fo  much 
:  lefs  the  portion  of  the  white  acid  remaining  in  the  re- 
t ;  and  vice  verfa,  when  the  nitrous  acid  heated  in 
t  retort  is  of  a  bright  red  colour,  very  little  vapour, 
t  a  great  deal  of  the  white  acid  is  obtained.  This 
tance  fliovvs  the  red  acid  to  be  more  volatile  than 
»  .hue.  And  as  all  coloured  fpirit  of  nitre  is  com- 
jnded  of  the  two,  thcry  are  to  be  feparated  by  a  pro- 
's cf  diftillation  judiciouily  conducted.  In  this  ope*. 
ion  a  certain  quantity  of  vital  air  is  always  diCea^r 
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ged,  which  may  be  colledted  by  applying  a  pneumatc* 
chemical  machine  to  a  balloon.  We  muft  remark,  that 
when  the  veffels  are  red-hot,  certain  red  vapours  are 
conftantly  feparated  even  from  the  whiteft  nitric  acid ; 

m 

and  the  colour  of  the  acid  is  alio  changed,  fo  that  it  be- 
comes of  a  flame-red :  But  the  change  produced  by 
heat  "immediately  difappears  when  the  acid  returns  to 
its  former  temperature,  and  the  vapour  alfo  returns  to 
a  liquid.  The  fame  thing  happens  when  a  portion  of 
the  nitrous  acid,  highly  coloured,  is  united  with  water; 
a  red  vapour  is  difengaged  and  pafles  into  the  atmo- 
iphere;  the  heat  which  then  takes  place,  increafes  the 
colour  of  the  acid  which  had  been  weakened  by  the 
water ;  what  remains  after  tfte  evaporation  is  not  ni- 
trous, but  nitric  acid ;  and  the  change  i*  inftamaneoos. 
When  heat,  by  the  affiftance  of,  light,  produces  thit 
change  on  the  nitric  acid,  a  quantity  of  vital  air  or  oo- 
genous gas  i»  difengaged,  proportioned  to  that  of  the 
nitrous  gas  which  is  formed  on  the  occafion.  Thisde- 
compofition  of  the  nitric  acid,  and  the  change  of  it  in- 
*  to  the  nitrous,  takes  place  in  confequenee  of  the  mu- 
tual affinities  between  light,  caloric,  and  oxigene. 
in  this  inftance  the  glowing  heat  of  our  vefifels  ads  like 
that  of  the  rays  of  the  fun* 

The  nitric  acid  ads  not  upon  filiceous  earth  :  it  com- 
bines with  alumines,  with  barytes*  with  magnefia,  with 
and  with  lime,  the  three  alkalis:  withthefe  fubftancesit 
forms  the  aluminous,  barytic,  magnefian,  and  calcareous 
nitrates,  nitrateofpotafli,  nit  rate  of  foda,  and  ammoniactl 
nitrate.  All  thefe  falls  (hall  be  hereafter  particularly 
examined.  The  ialts  formed  by  the  union  of  the  fame 
bafes  with  the  mttow  ucvi  «xe  fume  what  different  fircft 
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ere,  and  are  diftinguifhed  in  our  methodical  nomen- 
ature  by  the  name  of  nitrites. 

The  nitric  unites  with  the  carbonic  acid,  ab (orbing 
eagerly.    The  mutual  aftion  of  thefe  two  bodies  k 

0 

>t  yet  well  known. 

The  nitric  enters  very  rapidly  into  combination  with 
e  muriatic  acid.  The  alchemifts  gave  the  name  of 
ma  regia  to  this  compound,  becaufe  they  ufed  it  tb 
Bblve  gold,  the  king  of  metals  :  we  (hall  henceforth 
II  it  the  Hiiro-muriatic  acid.  It  muft  have  always 
ipeared  Angular,  that  two  acids,  neither  of  which  is 
r  itfelf  capable  of  ading  upon  gold,  fhould  by  combi- 
ttion  acquire  the  power  of  difiblving  it.  The  ale  he - 
ids,  coptent  with  having  found  a  folvent  for  that 
ecious  metal,  gave  themfelves  no  concern  about  the 
ufe  of  the  phenomenon.     It  is  but  a  few  years  fince 

0  Swedifh  chemifts,  Scheele  and  Bergman,  firft 
jght  to  difcover  what  alterations  the  nitric  and  the 
iiriatic  acids  produced  on  each  other  by  mutual  com- 
lation.  Scheele  obferved,  what  we  have  already  ta- 
il notice  o£/  that  by  diftilling  a  portion  of  muria- 

acid  on  calx  or  oxide  of  manganefe,  the  acid 
ts  caufed  to  diffufe  a  yellowiOi  vapour  of  the  fame 
ell  with  aqua  regia,  which  deftroyed  blue  vegetable 
burs,  and  a&ed  with  a  powerful  force  upon  metals, — 
ire  efpecially  upon  gold,  which  it  diflblved  as  well 
the  nitro- muriatic  acid.     He  thought  that  it  acqui- 

1  thefe  properties  in  confequence  of  being  deprived 
its  phlogifton  by  the  oxide  of  manganefe,  and  that 

tat  caufed  it  to  ad  fo  forcibly  on  combuftible  bodies 
s  its  eagernefs  to  regain  the  principle  which  it  had 
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loft.     For  this  reafon   he  gave   it   the   nattte  of  de* 
phlogijlicated  marine  acid.     Our  firft  obfervation  here 
is,  that  this  explanation  of  thefe  phenomena  is  direct- 
ly contradi&ory  to  the  theory  of  Stahl,  which  Scbeele 
in  general  appears  to  have  adopted  and  extended  :  for 
the  muriatic  acid  is  faid  to  acquire,  by  the  lofs  of  its 
phlogifton,  a  fet  of  properties  which  Stahl  attributed 
to  the  prefence  of  that  principle  ;  namely  volatility, 
a  ftrong  fmell,  and  a  power  of  ading  on  inflammable 
matters.     Befides,   we  are  of  opinion,    that  all  thefe 
phenomena  may  be  much  more  fatisfa&orily  explain- 
ed by  the  new  theory :  and  this  we  (hall  very  foon  (how. 
Bergman  thinks  that  the  nitric  acid  feizing  on  the 
phlogifton  of  the  muriatic  acid,  is  partly  diffipatedin- 
to  vapour,  and  that  what  remains  of  the  muriatic  acid 
is  then   precifely  in  the  fame  ftate  with  the  vapour 
which  arifes  from  the  diftillation  of  this  acid  on  oxide 
of  manganefe.     Thus,  what  enables  the  nitro-mumtic 
acid  to  diflblve  gold,  is  its  containing  a  portion  of  dc- 
phlogijlicated  marine  acid:  and  this  mixed   acid  is  of- 
ten nothing  but  marine  acid.     Such  is  the  opinion  of 
the  celebrated  chemift  of  Upfal.     The  following  ap- 
pears to  me  a   better  account  of  the  fads.     When  a 
quantity   of  nitric    acid  is  poured  upon    a   quantity 
of  muriatic  acid,    heat  is  excited  between  the  two  li- 
quors, and  they  alRime  a  colour ;  an  effervefcence  takes 
place,  and  a  kind  of  mixed  fmell  arifes,  not  fo  pun- 
gent as  that  of  the  muriatic  acid,  but  quite  peculiar, 
and  refembling  that  which  this  acid  affords  when  dial- 
led on  oxide  of  manganefe.  •  Mr  Berthollet  has  disco- 
vered, that  a  portion  of  oxigenated  muriatic  acid  is 
difengaged  duuv\^W\\%  v^\jid  re*a&ion  of  the  two  acids. 

(hi 
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On  this  occafion,  therefore,  the  muriatic  acid  deprives 
the  nitric  of  part  of  its  oxigene,  and  is  diffipated  in  the 
form  of  oxigenated  muriatic  gas ;  yet  a  portion  of  it 
(till  remains  faturated  with  oxigene  and  nitrous  gas ; 
and  this  mixture  is  aqua  regia.     From  this  we  under- 
(land  why  fo  fmall  a  proportion  of  the  nitric  acid  is 
neceflary  to  communicate  to  the  muriatic  the  proper- 
ties of  aqua  regia  ;  and  why  both  the  nicro-muriate  of 
gold,  and  the  nitro-muriatic  acid,  afford  when  di (tilled 
nothing  but  muriatic  acid.     But  we  mud  obferve,  that, 
as  much  more  nitric  acid  than  is  neceflary,  is  generally 
ufed  to  fiiper- fat  urate  the  muriatic  acid  with  oxigene, 
the  nitro-muriatic  acid  which  refults  from  this  compofi- 
tion  contains  both  acids,  and  they  a&  each  according  to 
its  peculiar  nature,  forming  peculiar  and  diftinci  falts 
with  all  the  bodies  expofed  to  their  action.     It  would 
therefore  be  a  fervice  of  fome  importance  to  chemiftry, 
to  determine  what  quantity  of  the  nitric  acid  is  necefla- 
ry to  faturate  a  given  quantity  of  the  muriatic  with  ox- 
igene, and  to  caufe  it  to  aflume  the  chara&er  of  nitro- 
muriatic  acid,  without  containing  any  aquafortis,  which 
only  alters  it  and  renders  its  efie&s  uncertain.     Hence 
it  appears  neceflary,  in  recording  accurate  chemical  ex- 
periments upon  this  matter,  to  mention  the  proportion 
in  which  the  two  acids  have  been  mixed  to  produce  the 
aqua  regia  made  ufe  of. 

This  mixed  acid  has  lefs  fpecific  gravity  than  either 
of  the  two  acids  of  which  it  is  compofed.  It  has  a 
peculiar  fmell,  commonly  a  citron-colour,  often  inclin- 
ing to  orange.  Its  action  on  natural  bodies  diftin- 
guifhes  it  from  all  other  acids.  Light  extricates  from 
at  a  portion  of  oxigene  gas  or  vital  air.     Heat  feparates 
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from  it  oxigenated  muriatic  acid.  Aqua  rsgia  com- 
bines with  water  in  any  proportion,  and  always  excites 
heat  as  it  enters  into  combination  with  that  fluid. 
It  diflblves  alumine,  but  very  flowly  :  it  unites  with 
barytes,  magnefia,  lime,  and  the  alkalis;  and  from 
thefe  combinations  there  refult  mixed  (alts,  which  cryf- 
tallize  either  feparately  or  together,  according  as  they 
are  more  or  lefs  foluble.  Aqua  regia  is  touch  ufed 
both  in  chemiftry  and  in  the  art  of  allaying ;  as  we 
fhall  fhow  more  at  large  when  we  come  to  fpeak 
of  metallic  fubflances. 

Since  the  aera  of  Dr  Prieftley's  difcoveries-,  chemifti 
have  laboured  much  to  difcover  the  intimate  nature 
and  the  component  principles  of  the  nitric  acid.  It 
was  fhown,  in  the  firft  place,  that  the  opinion  which 
afcribed  the  formation  of  the  nitric  to  the  fulphurk  acid, 
and  reprefented  the  former  as  a  rpodification  of  the  lat- 
ter, was  founded  oh  fallacious  experiments.  Soon  after, 
it  was  obferved,  that  this  acid  is  formed  of  peculiar 
principles  ;  and  the  following  obfervations  led  to  a  cer- 
tain difcovery  of  its  nature. 

The  nitric  acid  had  been  long  obferved  to  ad  with 
great  force  on  combuftible  bodies,  more  efpecially  on 
the  metals.  On  fuch  occafions,  it  exhales  into  the  at- 
mofphere  a  coniiderable  quantity  of  red  vapours,  and 
is  often  indeed  entirely  diilipated  under  this  form.  The 
combuftible  body  expofed  to  its  a&ion  is  foon  reduced 
to  the  date  of  a  burnt  body,  or  oxide ;  nay,  it  often 
caufes  combuftible  bodies,  fuch  as  oils,  charcoal,  fid* 
phur,  phofphorus,  and  feveralx)f  the  metals,  to  emit  a 
fudden  flame.  Stahl  afcribed  this  effect  to  the  rapidity 
with  which  the  acid  combined  with  the  phlogiftion  of 
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combuftible  bodies.  But  this  theory  did  not  afford  a 
fatisfa&ory  explanation  of  the  phenomenon. 

JDr  Prieftley,  by  receiving  into  a  glafs  veflel  filled 
with  water,  the  vapour  difengaged  during  the  a&ion  of 
the  nitric  acid  on  a  piece  of  iron,  obferved,  that  inftead 
of  a  red  vaporous  fluid,  a  tranfparent  colourlefs  gas  re- 
fembling  air  was  obtained  on  that  occafion ;  and  to  this 
he  gave  the  name  of  nitrous  gas. 

This  gas  pofiefies  all  the  apparent  properties  of  air, 
but  differs  greatly  from  it  in  refpedl  to  chemical  pro- 
perties. It  has  rather  lefs  gravity,  is  unfit  for  main- 
taining either  combuftion  or  refpiration,  is  ftrongly 
antifeptic,  has  no  fenfible  tafie,  and  takes  a  long  time 
to  alter  the  colour  of  fyrup  of  violets.  Nitrous  gas 
appears  to  fuffer  no  alteration  from  light.  Heat  di- 
lates it*  Vital  air  readily  combines  with  it ;  thus  re- 
ducing it  to  the  ftate  of  nitrous  acid.  Atmofpheric  air 
produces  the  fame  eflfed  upon  it,  but  not  fo  forcibly. 
This  combination  difplays  feveral  phenomena  which 
•inrell  merit  our  attention.  As  foon  as  air  comes  into 
con  tad;  with  nitrous  gas,  though  both  the  fluids  were 
before  colourlefs,  they  become  inftantly  red  like  the 
nitrous  acid :  a  pretty  lively  heat  is  then  excited;  the 
water  fifing  in  the  receiver  abforbs  all  thefe  red  vapours, 
and  thus  acquires  the  charadler  of  aquafortis.  The 
purer  the  air  is,  the  more  readily  do  thefe  phenomena 
take  place,  the  more  ft r iking  do  they  appear,  and  the 
imaller  is  the  proportion  necefiary  to  change  a  given 
quantity  of  nitrous  gas  into  nitrous  acid.  M.  Lavoifier 
has  difcovered,  that  fixteen  parts  of  atmofpheric  air  are 
neceflary  to  fat  urate  feven  and  one- third  of  nitrous  gas, 
while  four  pans  of  vital  air  ate  fufficient  £n*  the  com- 
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pletefaturation  of  the  fame  quantity  of  the  fame  gas* 
Macquer  thought  this  beautiful  phenomenon  precifely 
fimilar  to  combuftion.  It  is  in  fad  accompanied  with 
heat,  the  abforption  of  air,  and  the  production  of  a  fa* 
line  matter;  and  the  red  colour  which  then  appears 
may  be  confidered  as  a  kind  of  flame. 

As  in  this  artificial  compofition  of  the  nitrous  acid, 
the  air  produces  different  effeds,  according  as  it  is  more 
or  lefs  pure,  Dr  Prieltley  thinks  that  nitrous  gas  may 
ferve  as  a  teft  to  enable  us  to  diftinguifh  what  quantity 
of  vital  air  any  other  kind  of  air  contains ;  if  we  aflume 
as  two  terms, — the  moft  impure  air,  or  gas  unfit  for  re- 
fpiration,  fuch  as  the  carbonic  acid,  which  produces  no 
change  whatever  on  nitrous  gas, — and  vital  air,  which 
produces  the  greatelt  alteration  upon  it.  This  affay 
confifts  in  employing  known  and  proportional  quanti- 
ties of  thefe  two  gafcs,  and  obferving  when  they  ait 
mutually  and  completely  faturated.  That  air  is  the 
pureft  of  which  the  (mailed  quantity  is  fufficient  to 
faturfte  a  given  quantity  of  the  nitrous  acid,  and  vice 
verfa. 

Several  philofophers  have  endeavoured  to  find  meant 
for  performing  this  experiment  with  the  moft  rigid 
accuracy.  The  Abb6  Fontana  has  been  the  moft  fuo 
cefsful:  he  has  contrived  an  eudiometer \  of  which  an  cx- 
attdefcription  is  to  be  found  inM.  I ngenhoufce's  experi- 
ments on  vegetables.  By  means  of  that  in  drum  eat, 
the  degrees  of  the  purity  or  impurity  of  the  air  may  be 
eitimated  with  the  utmolt  nicety ;  but,  as  the  author 
himfclf  acknowledges,  fuch  fk ill  and  attention  are  oe» 
c diary  in  making  ufe  of  it,  that  to  avoid  miftakes  and 

erroneous  calculations  is  exceedingly  difficult. 

It 
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It  is  farther  of  confequence  to  obferve,  that  thefe 
experiments,  though  extremely  ingenious  and  of  con- 
liderable  utility,  have  not  been  attended  with  all  the 
advantages  expelled  from  them,  in  regard  to  that 
branch  of  medicine,  the  objed  of  which  is  the  prefer- 
vation  of  health.  They  (how  what  quantity  of  air  fit 
for  refpiration  is  contained  in  that  under  examination  ; 
but  they  afford  no  information  concerning  the  manner 
in  which  the  noxious  qualities  of  this  fluid  affed  the 
feveral  parts  of  the  human  fyftem  with  which  it  is 
brought  into  contad  by  refpiration  r  they  explain  not 
how  it  ads  on  the  ftomach,  the  (kin,  or  the  nerves;  all 
of  which  are  affeded  by  almoft  every  alteration  of  the 
air,  though  only  medical  obfervations  can  inform  us  in 
manner. 

Chemifts  have  for  a  number  of  years  been  divided  in 
their  opinions  concerning  the  caufe  of  the  produdion 
of  the  nitrous  acid  from  the  mixture  of  nitrous  gas  with 
vital  air.  Dr  Prieftiey,  the  difcoverer  of  the  fad,  is  of 
opinion,  that  nitrous  gas  is  merely  nitrous  ackf  fuper- 
iaturated  with  phlogifton ;  and  that  as  pure  air  has  a 
greater  affinity  than  the  acid  with  phlogifton,  it  therefore, 
entering  into  combination  with  it,  leaves  the  nitrous 
acid  in  a  ftate  of  liberty.  But  this  theory  is  far  from 
affording  a  complete  explanation  of  the  phenomenon  : 
for  when  the  elaftic  fluids  with  which  the  experiment 
is  performed  are  very  pure,  there  is  abfolutely  no  re- 
fidue  left ;  and  befides,  the  nitrous  acid  formed  during 
the  procefs,  weighs  confiderably  more  than  the  portion 
of  nitrous  gas  which  was  made  ufe  of  to  produce  it. 

M.  Lavoifier  imagined  that  this  property  of  nitrous 
gas — to  produce  nitrous  acid,  when  brought  into  cov\- 
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tad  with  vital  air,  might  lead  him  to  a  knowledge  of 
the  component  principles  of  the  acid.     By  combining 
two  ounces  of  fpirit  of  nitre  of  known  ftrength,  with 
a  given  quantity  of  mercury,  he  obtained  196  cubic 
inches  of  nitrous  gas,  and  246  cubic  inches  of  vital  air. 
While  the   former  gas  was  difengaged,   the  mercury 
changed  its  form ;  after  the  vital  air  was  difengaged, 
it  returned  to  a  metallic  Hate,  when  it  was  found  to 
have  fuffered  no  lofs.     From  thefe  fads  be  deduced  the 
following  inferences  with  great  accuracy  of  reafoning. 
—1.  As  the  mercury  fuffered  no  lofs  during  the  procefi, 
the  formation  of  the  elaftic  fluids  cannot  be  afcribed  to 
it.     2.  Thefe  muft  therefore  have  been  formed  by  the 
decompofition  of  the  nitrous  acid.     3.  The  nitrous  acid 
made  ufe  of  on  the  occafion,  the  gravity  of  which  was  to 
that  of  diftilled  water  as  131,607  to  100,000,  appean 
therefore  to  have  been  formed  of  three  principles,  nitrot* 
gas,  vital  air,  and  water,  united  in  thte  following  propor- 
tions to  the  pound:  nitrous  gas,  1  ounce  515.  grains; of 
vital  an*,  1  ounce  7  drams  2r  grains;  and  of  water  ij 
ounces  and  18  grains.     4.  Nitrous  gas  is  nitrous  acid 
deprived  of  its  oxigene  or  vital  air.     5.  In  all  procefifc 
in  which  nitrous  gas  is  obtained,  the  nitric  acid  is  <k- 
compofed,and  its  oxigene  abforbed,  by.the  combuflibk 
body  with  which  it  has  a  greater  affinity. 

Yet  this  opinion  is  attended  with  one  difficulty.   Jt 
Lavoiiier  found  that  he  could  not  reproduce  by  the 
reunion   of  thefe  produ&s  the  whole   quantity  ofdt 
acid  from    which   they   were    obtained;    at  leaftc* 
h-)lf    was   entirely    loft:  and  he  had  much  more p* 

an  thun  was  neccflary  for  the  complete  faturatioa' 
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the  nitrous  gas.  He  acknowledges  himfelf  unable  to 
account  for  this  circumftance*  Macquer  imagined  it 
to  depend  on-  the  lofs  of  the  phlogifton,  or  light,  which 
he  considered  as  one  of  the  principles  of  the  nitric  acid  : 
this  he  thought  might  efcape  through  the  pofes  of  the 
reflels  during  the  decompofitioa  of  the  acid,  leaving 
behind  part  of  its  pare'  air,  which  being  lefs  fubtle; 
eould  not  make  its  way  out  with  the  fame  facility.  We 
fiiall  foon  fee  this  not  to  be  the  true  caufe  of  the  phe- 
nomenon. 

The  portion  of  fttperfiuous  gas  which  remains  after 
tlie  nitrous  gas  has  been  fatqrated  with  vital  air,  ftill 
remained  an  objection  againft  M.  Lavoifier's  theory. 
And  though  this  fuperflutty  was  quite  a  trifle  in  this 
experiment,  as  7|d  parts  of  nitrous  gas,  with  4  parts 
,    of  vital  air,  left  no  more  than  TfTth  of  their  total  bulk; 
)m   yet  dill  he  was  at  a  lofe  how  to  account  for  it.     In- 
f    deed  he  has  fince  informed  us,  that  the  relidue  was 
much  lefs  when  the  matters  made  ufe  of  were  very 
pure  and  very  nicely  proportioned.     In  fbort,  we  fhali 
Immediately  fee  that  vital  air  and  nitrous  gas  may  be 
obtained  fo  pure  as  to  combine  without  leaving  any  re- 
lidue. 

No  fuch  difficulty  occurs  in  confidering  the  aeriform 
fefidue  formed  by  the  combination  of  16  jparts  of  at- 
teofpberic  air  with  7W  of  nitrous  gas :  we  know  it  to 
7.  --be  the  mephitis  or  gas  azote  contained  in  the  atmof. 
.  ■  J>heric  air.  We  underftand  likewise  how  the  contaft 
v  if  water  comes  at  length  to  alter  nitrous  gas  and 
■^  Change  it  into  an  acid  :  it  is  by  means  of  the  air  which 
-  It  contains* 
'"  •    But  even  after  this  theory  of  M.  LavoiGer's^  the  ua- 
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ture  of  nitrous  gas  dill  remained  unknown ;  and  it 
has  fince  been  explained  by  a  fine  experiment  of  Mr 
Cavendifh's.  This  chemift  put  into  a  glafs  tube  feven 
parts  of  vital  air  not  obtained  from  the  nitric  acid, 
with  three  of  gas  azote  or  atmofpheric  mephitis ;  and 
by  caufing  the  ele&ric  fpark  to  pafs  through  the  mix- 
ture, he  effeded  a  great  diminution  of  its  bulk,  and 
even  changed  it  into  nitric  acid.  The  induction  which 
he  draws  from  thefe  fa&s  is,  that  the  nitric  acid  is  a 
combination  of  feven  parts  of  vital  air  to  three  of  gas 
azote ;  and  that,  when  deprived  of  a  part  of  the  firft 
of  thefe  principles,  as  happens  in  the  folution  of  me- 
tals, &c.  it  pafles  into  the  date  of  nitrous  gas :  Nitrous 
gas,  therefore,  is,  in  his  opinion,  nothing  more  than  a 
combination  of  gas  azote  with  a  fmaller  proportion  of 
vital  air  than  what  is  requifite  to  form  nitrous  acid. 
Thefe  experiments,  and  the  ingenious  theory  founded 
upon  them,  throw  great  light  on  the  formation  of  the 
nitric  acid  by  the  putrefaction  of  animal  matters.  We 
know  that  a  great  quantity  of  gas  azote  is  difengaged 
from  thefe  matters  when  putrefying ;  and  it  is  evident 
how  neceffary  vital  air  is  for  the  production  of  this  acid, 
as  experience  (hows  it  to  be  formed  by  the  combination 
and  fixation  of  thefe  two  elaflic  fluids. 

It  is  alfo  eafy  to  determine  the  difference  between 
the  pure  white  acid  of  nitre  and  the  coloured  fuming 
acid  to  which  the  northern  chem ids  give  the  name  of 
phlogiflicated ;  or  between  the  nitric  and  the  nitrous 
acids.  The  lalt  is  found  where  the  principles  are  not 
combined  in  the  proportion  proper  for  forming  the 
pure  nitric  acid, — that  is,  when  the  combination  con* 
iiils   not  of  th^e  parts  of  azote  and  feven   of  oxi- 
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gene.      But  as   a   variety  of    circumftances,    and   in 

• 

general  all  pblogiflkating  proceffes,  diminifh  the  pro- 
portion   of  the  oxigene,    by  wafting  more  or  lefs  of 
it,  hence  we  may  naturally  infer,  1.  That  ibis  acid  is 
very  liable  to  alteration,  and  muft  often  be  more  or 
lefs  coloured  and  fuming :  2.  That  in  proportion  as  it 
is  deprived  of  more  or  lefs  of  its  oxigene,  it  may  pafs 
through  many  dates,    from  that  of  the  purelt  nitric 
acid,  which  contains  the  greateft  proportion  of  oxigene, m 
to  nitrous  gas,  which  contains  not  enough  to  constitute 
it  an  acid :  3.  That  if  nitrous  gas  be  deprived  of  what 
oxigene  remains  in  it,  it  becomes  gas  azote  or  me- 
phitis :  4.  That  as  the  mutual  adhefion  of  the  oxige- 
nous  and  azotic  principles  is  very  trifling,  moil  com- 
buftible  bodies  having  a  greater  affinity  with  the  for- 
mer than  the  azotic  principle  has ;  the  nitric  acid  can* 
not  but  be  decompofed  with  great  facility  by   many 
bodies.     Thefe  four  remarkable  particulars  in  the  hiU 
tory  of  the  acid  of  nitre,  ferve  to  explain  a  great  many 
phenomena.     We  now  underftand,  1.  That  in  this  acid 
the  gas  azote  and  vital  air  have  loft  much  of  their  ca- 
loric, and  are  therefore  reduced  to  azote  and  oxigene. 
2.  That  when  this  acid  is  decompofed  by  a  combuitible 
body,  the  nitrous  gas  then  difengaged  docs  not  require 
fo  much  caloric  to  maintain  it  in  a  Hate  of  elaftic  flui- 
dity, as  vital  air  and  gas  azote.     3.  That  thefe   two 
fluids  cannot  combine  when  in  a  gafcous  Hate.    4.  Thac 
of  confequence  the  vital  air  obtained  from  nitrous  pre- 
parations ftrongly  heated,  fuch  as  red  precipitate,  ni- 
trate of  lead,  common  nitre,  &c.    nuilt  contain  a  cer- 
tain proportion  of  mephitis  or  azotic  g:;s ;  of  which  gas, 
the  refidue,  remaining  after  the  union  of  the  viral  air 
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with  the  nitrous  gas,  confifts.     No  fuch  refidue  is  ever 
obferved  to  remain,  when  the  vital  air  made  ufe  of,  has 
been  obtained  from  the  leaves  of  vegetables  or  from 
manganefe.     5.  That  the  cafe  is  fometimes  the  fame 
with  nitrous  gas;   it  may  contain  a  portion   of  gas 
azote  or  mephitis :  and  this  happens  when   this  gas  is 
prepared  with  bodies  which,  being  very  greedy  of  oxi- 
gene,  abforb  it  almoft  entirely  from  the  nitric  acid; 
fuch  as  iron,  oils,  &c.     6.  That  the  nitrous  acid  wbea 
coloured,  and  containing  an  excefs  of  nitrous  gas  or 
of  azote,  or  the  bafe  of  mephitis,  is  in  a  ftate  very  dif- 
ferent from  that  in  which  the  two  principles  are  do 
more  than  mutually  faturated ;  and  that  as  the  diffe- 
rence between  thefe  two  ftates  of  this  acid  is  fo  very 
considerable,  they  fhould  therefore  be  diftinguiflied  by 
different  names.     To  the  white  acid,  which,  though 
the  moft  uncommon,  is  the  pureft,  we  give  the  name 
of  the  nitric  acid,  obferving  the  fame  analogy  in  this 
as  in  the  reft  of  our  new  denominations ;  and   to  its 
neutral  falts  we  give  the  name  of  nitrates.     The  red 
again  we  call  the  nitrous  acid,  and  its  faline  combioa* 
tions  nitrites.     There  is  indeed  but  feldom  occafion  to 
fpeak  of  the  laft  of  thefe  clafles  of  neutral  falts :  for 
though  the  red  and  fuming,  or  the  nitrous,  be  the  moft 
common  of  the  two  acids,  it  very  feldom  retains  its 
proper  character  when   united   with   alkaline   bales; 
the  fuperfluous  quantity  of  the  nitrous  gas  ufually  cf- 
capes  as  the  combination  is  taking  place,  and  what 
remains  is  pure  nirric  acid. 

The  affinities  of  the  nitric  acid  with  the  alkaline 
bafes  are  the  fame  as  thofe  of  the  muriatic  ;  and  Berg- 
man arranges  ttam  in  the  fame  order,  as  follows,— 

^ax{tesy 
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larytes,  potafh,  foda,  lime,  magnefia,  ammoniac,  alu- 
minous earth.  According  to  that  celebrated  chemift, 
the  nitrous  or  pblogijlicated  acid  has  the  fame  affinities 
as  the  pure  acid  of  nitre.  It  is  ftronger  than  any  of 
the  preceding  acids,  and  difengages  the  carbonic,  fluo- 
ric, and  muriatic  acids,  from  their  bafes. 

The  acid  of  nitre,  under  the  name  of  aquafortis,  is 
applied  to  a  great  many  purpofes  in  the  arts ;  more 
particularly,  it  is  ufed  to  diflblve  mercury,  copper,  di- 
ver for  hatters,  engravers,  and  gilders,  in  allaying  and 
working  metals,  &c  It  is  likewife  ufed  in  furgery, 
to  deftroy  warts  and  other  little  indolent  uninflamed 
tumours.  It  is  ufed  in  many  pharmaceutical  prepara- 
tions, fuch  as  mercurial water,  red  precipitate,  the  alka- 
line martial  tinRure,  the  yellow  unguent,  &c.  &c.  We 
lhall  take  notice  of  tbefe  and  the  other  ufes  to  which 
it  is  applied  in  their  proper  places. 

Species  V.     The  Sulphuric  Acid.' 

The  fulphuric  acid,  which  has  hitherto  been  called 
the  vitriolic  acid,  is  a  very  cauftic  faline  fubftance, 
which,  when  concentrated,  burns  and  cauterizes  the 
(kin,  reddens  fyrup  of  violets  without  deftroying  its 
colour,  and  when  diluted  in  a  large  proportion  of  wa- 
ter, has  a  four,  flip  tic  tafte.  This  acid,  when  pure, 
appears  under  the  form  of  a  very  tranfparent  oleagi- 
nous fluid,  twice  the  fpecific  weight  of  diftilled  water, 
deftitute  of  fmell,  and  united  with  water,  from  which 
there  are  as  yet  no  means  known  of  feparating  it.  It 
has  received  the  name  of  the  vitriolic  acid,  becaufe  it 
ufed  formerly  to  be  obtained  from  martial  vitriol  by 
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diftillation.  At  prefent  it  is  obtained  both  in  France 
and  England  by  the  complete  combuftibn  of  fulphur, 
as  we  fhall  explain  more  at  large  when  we  come  to 
give  the  hiftory  of  that  combuftible  fubftance.  Its 
nature,  therefore,  and  the  manner  in  which  it  is  ob- 
tained, render  it  mod  proper  to  give  it  in  a  methodical 
and  regular  nomenclature,  the  name  of  the  fulpburk 
acid. 

When  highly  concentrated,  it  is  from  its  confidence 
named  very  improperly  oil  of  vitriol. 

This  acid  is  fufceptible  of  a  concrete  form  ;  which  it 
may  be  made  to  aflume  either  by  expofing  it  to  cold,  as 
we  (hall  afterwards  feq,  or  by  combining  it  with  vari- 
ous elaftic  fluids. 

We  know  not  yet,  in  what  manner  light  ads  oo  the 
fulphuric  acid.  Some  chemifts  have  affcrted,  that 
when  oil  of  vitriol  is  expofed  in  clofe  veflels  to  the  rays 
of  the  fun,  it  gradually  aflumes  a  colour,  and  there  is 
even  fome  fulphur  formed.  But  this  fad:  is  not  alto- 
gether eftablifhed  by  proofs ;  nay,  there  is  even  a 
ftrong  probability  againft  it ;  for  we  fhall  hereafter  fee, 
that  the  fulphuric  acid  cannot  become  fulphur  without 
lofing  its  pure  air  or  oxigene ;— and  it  is  evident  thai 
fuch  a  reparation  cannot  take  place  in  clofe  veflels, 

Stahl  thought  the  fulphuric  acid  to  be  diffufed  through 
all  nature,  and  to  be  the  principle  of  all  other  sckb. 
The  lirft  of  thefe  aflertions  was  founded  on  this  6ft 
that  linen  impregnated  with  potafh,  and  expofed  ft 
the  air,  is  at  length  converted  into  fulphate  of  potaft; 
that  is,  into  a  neutral  fait  formed  by  the  union  of  tki 
alkali  with  the  fulphuric  acid.  This  a  fie  rt  ion  is  at  {**» 
fent  inovm  u>  \>t  folfe  \  for  ftsch  linen  contains  not* 
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•torn  of  fulphate  of  potafh,  but  a  good  deal  of  carbonate 
of  potafh,  or  the  combination  of  this  alkali  with  the 
carbonic  acid.  With  refped  to  the  fecond,  nothing 
can  be  more  improbable.  Late  experiments  have  fhown 
that  each  of  the  acids  is  formed  of  peculiar  principles  ; 
and  that  there  is  no  principle  common  to  one  with  ano- 
ther of  them,  but  the  bafe  of  vital  air,  which  is  com  mon 
to  them  all. 

The  fulphuric  acid,  when  heated  in  a  retort,  fooa 
lofes  part  of  its  water,  is  in  forae  degree  concentrated, 
and  is  not  volatilized  unlefs  expofed  to  a  ftrong  heat. 
If  coloured,  it  lofes  its  colour  by  the  a&ion  of  the  fire, 
and  becomes  white.  This  double  change  which  it  under- 
goes at  one  time,  is  called  the  concentration  and  rectifi- 
cation of  the  acid.  While  it  is  taking  place,  a  very 
odorous  and  penetrating  gas  is  difengaged,  which  was 
the  colouring  principle  of  the  acid,  and  with  which  we 
fhall  afterwards  get  acquainted  under  the  name  of  the 
Julpbureous  acid  gas.  Although  this  procefs  appear  to 
render  the  fulphuric  acid  whiter  and  more  pure,  yet  it 
mull  be  carried  farther  when  we  wilh  to  obtain  the 
acid  in  its  higheft  purity :  in  fad,  in  this  ordinary  con- 
centration, we  only  free  the  acid  of  the  water  and  the 
fulpbureous  acid  gas  united  with  it,  without  feparating 
any  of  the  fixed  matters,  by  which  it  may  Jikewife  be 
altered :  To  effed  this,  we  mud  diftil  the  acid  to  dry- 
nefs,  by  changing  the  receiver,  after  performing  the 
firft  part  of  the  operation :  there  remains  then  in  the 
.retort  a  fmall  quantity  of  a  white  relidue,  which  is 
found  to  contain  fulphate  of  pot-a(h,  and  fome  other 
fubftances  which  are  diflblved  in  the  acid  as  it  is 
formed. 
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The  concentrated  fulphuric  acid  attracts  moifture, 
when  expofed  to  the  air,  and  lofes  'part  of  its  ftrength 
and  caufticity  :  it  at  the  fame  time  aflumes  colour,  de- 
riving it  from  the  combuftible  matters  which  float  in 
the  atmofphere,  on  which  this  acid  ads  with  no  fmall 
force.  It  often  abforbs  nearly  twice  its  own  weight  of 
Water  from  the  atmofphere. 

The  Duke  d'Ayen,  by  a  feries  of  curious  experi- 
ments, performed  during  the  violent  cold  in  the  month 
of  January  1776,  has  fhown,  that  this  acid,  when 
highly  concentrated,  may  be  made  to  freeze  by  expof- 
ing  it  to  the  cold  temperature  of  from  6iQ  15',  to 
65°45;;  but  when  diluted  in  two  or  four  parts  of 
water,  is  no  longer  liable  to  the  fame  change  of  flate 
by  cold  :  and  that  if  when  frozen  it  be  left  expofed 
to  the  air,  it  foon  becomes  fluid,  even  though  the 
cold  be  more  intenfe  than  that  which  caufed  it  to 
freeze.  This  laft  phenomenon  is  owing  to  its  abforb- 
ing  water  from  the  atmofphere,  and  to  the  heat  pro- 
duced while  the  two  are  entering  into  combination. 

The  fulphuric  acid  unites  with  water,  difplaying,  as 
it  enters  into  union  with  it,  all  the  phenomena  of  a 
fudden  penetration  and  an  intimate  combination.  It 
produces  at  the  fame  time  a  lively  heat  and  a  fort  cf 
hilling ;  a  peculiar  fetid  odour  is  likewife  difengaged. 
The  hilling  noife  excited  on  this  occafion  is  owing  to  the 
difengagement  of  the  air  contained  in  the  water,  which 
is  feen  to  make  its  way  out  in  the  form  of  little  bubbles. 
The  tafte  of  the  acid,  when  thus  diluted  in  water,  is  much 
weaker  than  in  its  concentrated  (late,  its  fluidity  is  much 
more  confiderable,  and  it  now  bears  the  name  oljpirit 
df  vitriol.    The  viaut  tctf^  be  volatilized  by  heating 
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it ;  and  it  may  be  thus  reftored  by  concentration  to  the 
fiate  of  concentrated  fulphuric  acid* 

This  acid  a&s  not  in  any  manner  on  filiceous  earth  or 
quarttofe  (tones,  nor  on  the  fame  earth  when  melted 
with  the  admixture  of  fmall  pieces  of  the  fixed  alkalis* 
It  combines  with  aluminous  earth,  barytes,  magnefia, 
lime,  and  alkalis.  In  thefe  combinations  it  forms  alu- 
minous fulphate,  or  alum;  barytic  fulphate,  ox  ponderous 
Jpar  ;  fulphate  of  magnefia,  or  Epfomfalt;  fulphate  of 
lime,  ovfelenite;  fulphate  of  potalh,  or  vitriolatsd  tar* 
tar ;  fulphate  of  foda,  or  Glauber  fait  ;  and  ammonia- 
cal  fulphate.  Its  eledive  attractions  for  thefe  falts  are 
the  fame  with  thofe  of  the  muriatic  and  the  nitric  acids; 
but  it  adheres  more  firmly  to  thefe  fubftances  than  any 
of  the  other  mineral  acids ;  and  is  capable  of  difengag- 
ing  them* 

The  a&ion  of  the  fulphuric  oh  the  other  acids  has 
not  as  yet  been  properly  examined  ;  we  know  only, 
j.  That  it  abforbs  great  quantities  of  the  carbonic  acid, 
2.  That  it  unites  fo  readily  with  the  muriatic  acid,  that 
when  we  mix  the  two  together,  heat  is  excited,  and  a 
great  quantity  of  muriatic  acid  gas  .is  difengaged  in 
white  vapours.  Boerhaave,  in  his  Chemiftry  fays,  that 
the  muriatic  acid  renders  oil  of  vitriol  concrete  :  per* 
haps  this  property  may  be  found  to  belong  to  the  oxi* 
genated  muriatic  acid.  3.  That  if  the  pure  white  ni- 
tric acid  be  poured  on  a  quantity  of  fulphuric  acid 
blackened  by  fome  combuftible  body,  it  deprives  it  of 
its  colour,  and  renders  it  tranfparent j  and  when  this 
mixture  is  heated,  it  exhales  a  quantity  of  nitrous 
gas.  4.  That  nitrous  gas  when  united  with  this  acid. 
has  the  power  of  making  it  affumc  a  concrete  forax  %  ** 
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will  be  ihown  more  particularly  in  the  article  of  tbe  dc- 
compofition  of  nitrate  of  potafh  by  means  of  fulphate  of 
iron. 

Tbe  manner  in  which  the  fulphuric  acid  ads  on 
combuftible  bodies,  leads  us  to  an  idea  of  its  nature  and 
component  principles.  Whenever  any  combuftible 
body,  fuch  as  a  metal,  or  ftill  more  a  vegetable  or  an 
animal  matter,  is  brought  into  contaft  with  the  con- 
centrated fulphuric  acid,  that  body  pafies  fooner  or  la- 
ter into  the  ftate  of  a  burnt  matter,  and  the  acid  is  de- 
composed. 

All  matters  containing  oil,  become  black,  if  irnmer- 
fed  in  fulphuric  acid  concentrated  and  cold.  The 
acid  fir  ft  afTumes  a  brown  colour,  which  foon  paffes 
into  a  black.  If  an  inflammable  fubftance  in  combuf- 
tion,  fuch  as  a  burning  coal,  be  immerfed  into  a  quan- 
tity of  fulphuric  acid,  the  acid  immediately  aflumes 
the  fmell  and  volatility  of  burning  fulphur  ;  a  white 
fmoke  arifes  from  it,  of  a  lively  fufibcating  fmell.  If, 
in  order  to  comprehend  better  what  pafies  when  thefe 
combinations  take  place,  we  bring  this  acid  into  con- 
tad  with  fome  combuftible  body  of  a  more  fimple  cha- 
racter than  organic  fubftances,  whofe  alterations  may 
be  more  eafily  traced  and  eftimated,  we  may  then  at- 
tain a  knowledge  of  the  principles  of  the  fulphuric  a- 
cid.  If  we  heat  for  this  purpofe  a  mixture  of  this  acid 
concentrated,  with  mercury,  in  a  glafs  retort,  the  ex- 
tremity of  which  enters  a  belUglais  filled  with  this  metal- 
lic fluid  ;  as  foon  as  the  acid  is  brought  to  boil,  it  emiti 
a  permanent  gas  of  a  ftrong  pungent  fmell,  refcmbliag 
that  of  burning  fulphur. 

« 
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Jklpbureous  acid  gas  :  it  is  fome what  more  ponderous 
than  air ;  it  extinguifhes  light,  kills  animals,  reddens. 
and  difcolours  fyrup  of  violets.  According  to  Dr  Pried* 
ley,  it  enters  into  combination  with  water  with  lefs 
rapidity  than  the  muriatic  acid  gas  ;  it  diffolves  chalk, 
camphor,  and  iron ;  coals,  and  all  bodies  that  are  po- 
rous in  any  confiderable  degree,  abforb  it.  Though  it 
has  been  confidered  as  a  permanent  gas,  yet  by  the  ap- 
plication  of  an  intenfe  cold,  it  may  be  oondenfed  fo  as 
to  become  liquids    M.  Monge  accoraplifhed  this. . 

The  fulphureous  is  a  certain  modification  of  the  ful- 
phuric  acid,  which  combines  with  the  alkalis  to  form 
neutral  falts  different  from  thofe  which  they  form  with 
the  latter*  Stahl,  who  had  obferved  all  of  thefe  im- 
portant phenomena  with  great  attention,  thought,  that 
in  this  inftance  the  phlogifton  of  the  metal,  uniting 
with  the  acid,  communicated  to  it  odour,  volatility, 
6tc.  But  as  that  great  chgmift  did  not  carry  his  expe- 
riments far  enough,  he  could  not  forefee,  that  a  ftrong 
objection  againft  this  dodrine  might  be  drawn  from  the 
very  fad  on  which  it  was  founded.  M.  Lavoifier,  M. 
Bucquet,  and  myfelf,  have  each  of  us  examined  the 
confequences  of  this  reciprocal  a&ion  of  mercury  and 
the  fulphuric  acid.  When  the  mixture  is  white  and 
dry,  but  a  very  fmall  quantity  of  fulphureous  acid  gas 
is  formed  ;  if  this  mercurial  fulphate  be  then  ftrongly 
heated,  a  little  water,  and  a  gas  quite  different  in  na- 
ture from  the  former,  are  difengaged  ;  the  gas  is  very 
pure  vital  air.  While  this  gas  efcapes  from  the  mix* 
ture,  the  mercury  is  gradually  reduced,  and  regains  all 
its  original  properties,  not  fo  much  as  an  eighth  part 
of  its  quantity  being  loft.    From  this  it  appears,  that 
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as  the  mercury  has  differed  no  alteration,  the  two 
gafes  mud  belong  both  to  the  fulphuric  acid  which 
has  been  decompofed.  The  fulphureous  acid  gas  ap- 
pears therefore  to  bear  the  fame  relation  to  this  acid 
which  the  nitrous  bears  to  the  nitric  acid.  Yet  the 
compofition  of  thefe  two  acids  is  not  made  quite  in 
the  fame  manner  ;  for  we  cannot  inftantly  re-unite  the 
two  gafeons  principles  of  the  fulphuric  acid  into  the 
compound  body  from  which  they  are  obtained ; 
whereas  we  can  form  the  nitrous  acid  at  pleafure,  by 
combining  the  nitrous  gas,  and  the  vital  air  which  it 
affords  when  analyfed.  It  is  very  likely  that  a  confi- 
derable  fpace  of  time  is  neceflary  for  the  recompofition 
of  the  fulphuric  acid  :  for  this  phenomenon  a&ually 
takes  place  when  we  expofe  to  the  air  compounds  of 
the  flilphureous  acid  with  different  bafes,  thefe  being  at 
length  found  to  contain  fulphuric  acid.  Thus  the 
combination  of  the  fulphureous  acid  with  potafh,  known 
under  the  name  of  StabPs  fulphureous  fait,  or  fulphite 
of  potafh,  if  expofed  to  the  air,  becomes  at  the  end  of 
a  certain  time  genuine  fulphate  of  potafh.  What,  in 
thefe  inftances,  is  flowly  effected,  takes  place  with 
more  rapidity  in  the  combuftioji  of  fulphur ;  during 
which  that  combuftibie  body  abforbs  the  oxigene  of 
the  atmofphere,  and  becomes  gradually  more  and  more 
acid,  till  it  be  completely  faturated.  (See  the  Hifiory 
of  Sulphur.) 

From  thefe  fads  it  appears,  i.  That  the  fulphuric 
acid  is  a  compound  of  fulphur  and  oxigene.  *.  That 
when  a  combuftibie  body  having  a  greater  affinity  than 
fulphur  with  oxigene  or  the  bafe  of  vital  air,  is  mixed 

with 
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-with  it,  that  body  decomposes  the  acid,  by  abforbing 
the  oxigene.  3.  That  when  the  combuftible  matter 
does  not  carry  off  all  the  acidifying  principle,  as  hap- 
pens  in  mod  of  the  folutions  of  metals  effe&ed  by  the 
fulphuric  acid,  what  is  feparated  is  not  pure  fulphur, 
but  fulphureous  acid  gas.  4.  That  this  gas  is  a  kind  of 
intermediate  body  between  fulphur  and  the  fulphuric  a* 
cid  ;  and  is  to  be  confidered  as  differing  from  the  acid, 
only  by  containing  a  fmaller  proportion  of  oxigene ; 
from  fulphur,  only  by  containing  fo  much  oxigene  as 
renders  it  faintly  acid.  To  caufe  it  to  pafs  into  the  (late 
of  real  fulphur,  all  that  we  need  to  do  is,  to  drive  off  that 
portion  of  the  bafe  of  vital  air  which  it  contains;  as  hap- 
pens towards  the  end  of  the  procefs  in  which  metals  are 
diflblved  by  the  fulphuric  acid,  when  thefe  folutions  are 
ilrongly  heated  and  made  to  evaporate.  We  now  like- 
wife  underfland  how  the  fulphureous  is  gradually  con* 
verted  into  the  fulphuric  acid,  by  abforbing  the  oxigene 
of  vital  air  contained  in  the  atmofphere. 

The  fulphureous  acid  gas  is  capable  of  uniting  in  a 
very  intimate  manner  with  the  fulphuric  acid,  and  it 
then  communicates  to  this  acid  the  property  of  exhaling 
in  thick  white  vapours.  Meyer,  in  his  Chemical  Eflays, 
on  the  article  of  Quick  lime,  mentions  a  fuming  oilofvi- 
triol,  prepared  at  Northaaufen  in  Saxony,  from  a  diftil- 
la t ion  of  common  vitriol.  He  likewife  follows  Chriftian 
Bernhard,  a  German  chemift,  in  mentioning  a  concrete 
fuming  acid  lalt  obtained  from  this  acid  by  diftillation. 
Finding  an  opportunity  of  procuring  in  Paris  a  confide- 
rable  quantity  of  this  fulphuric  acid  of  Saxony,  I 
obferved  it  to  poffefs  the  properties  afcribed  to  it  by 
Meyer,  and  obtained  from  it,  by  uling  a  gentle  heat, 
3  cr;ta2&tt&^% 
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cryftallized,  concrete,  volatile  falt,Tuming  and  deliquef* 
cent,  under  two  different  forms,  according  to  Chtiftian 
Bernhardt  account  of  it.  1  am  convinced,  from  various 
experiments  related  in  a  memoir  of  mine,  read  in  the 
Royal  Academy  of  Sciences  in  the  year  1785.  1.  That 
the  property  poffefled  by  this  black  fulphuric  acid  of 
Northaaufen,  of  fuming  and  affording  a  concrete  vola- 
tile fait,  depends  on  its  containing  a  great  quantity  of 
fulphureous  gas.  2.  That  in  proportion  as  it  lofes  this 
gas  by  being  expofed  to  the  air,  it  ceafes  to  exhale  va- 
pours, and  lofes  its  power  of  affording  concrete  fait. 

3.  That  water  difengages  this  gas,  and  deprives  the  ful- 
phuric acid  of  Saxony  of  its  property  of  fuming,  &c. 

4.  Laftly,  That  the  fuming  concrete  acid  fait  obtained 
from  this  acid  by  diftillation  is  a  faturated  combination 
of  fulphuric  acid  with  fulphureous  gas,  which  when  ex- 
pofed to  the  air,  gradually  pafles  into  the  ftate  of  com- 
mon fulphuric  acid.  We  are  therefore  acquainted  with 
two  concrete  fulphuric  acids,  one  of  which  owes  its  con- 
cretion to  nitrous  gas,  the  other  to  fulphureous  acid  gas. 
I  make  no  doubt  but  the  number  of  concrete  acids  may 
be  one  day  increafed,  by  fome  other  modifications  of 
of  the  fulphuric  acid  reduced  to  folidity  by  other  gafes; 
fuch  as  oxigenated  muriatic  gas,  &c. 

The  fulphuric  acid  is  made  ufe  of  in  many  of  the 

arts,  more  efpecially  by  the  dyer  and  the  hat-maker, 

&c.    It  is  one  of  the  mod  common  and  ufeful  men- 

ftruums  in  the  laboratory.    In  medicine  it  is  externally 

applied  as  a  very  ufeful  cauftic,  and  internally  as  a  re* 

frefhing,  cooling,  and  antifeptic  medicine;  but  in  this 

cafe,  it  mud  be  diluted  in  water  till  it  have  fcarce  any 

fenfible  acidity. 

1  The 
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The  fulpbureous  acid  is  ufed  in  dyeing,  for  whitening 
filke,  taking  out  ftains,  &c. 

As  thefe  two  acid*  are  combinations  of  fulphur  and 
oxigene  in  different  proportions,  their  names  ought  to 
be  analogous  to  their  nature :  to  us  they  appear  to  be 
beft  diftingui(hed  by  the  names  of  the  fulpburic  acid, 
and  the  fulpbureous  crfid.  The  termination  of  the  word 
fulpbureous i  ferves  in  this,  as  well  as  in  other  inftances, 
to  (how  that  the  acid  to  which  it  belongs  contains  an 
excels  of  the  combuftible  bafe  *. 

Species  VI.     Tbe  Boracic  Acid. 

Experiments  made  by  a  great  many  chemifts  have 
fliown  borax  to  be  a  neutral  fait  formed  by  the  combi- 
nation of  foda  with  a  peculiar  acid :  this  acid  was  called 
by  Homberg,  its  difcoverer,  fedative  fait.  It  has  been 
fince  named  the  acid  of  borax%  and  the  boracim  acid; 
we  choofe  rather  to  call  it  the  boracic  acid^  in  order  that 
its  name  may  terminate  in  the  fame  way  as  the  names  of 
the  other  acids. 

Many  chemifts  have  thought  this  acid  to  be  merely  a 
produ&of  art  formed  by  the  combination  of  the  falts  ufed 
in  obtaining  it  withfome  principle  of  borax:  But  fince 
M.  Hoefer,  apothecary  to  ths  Grand  Duke  of  Tufcany, 
has  difcovered  that  the  waters  of  feveral  lakes  in  that 
country,  for  inftance,  thofe  of  Caftelnuovo  and  Monte- 
rotondo,  maintain  in  folution  a  confiderable  quantity  of 

very 

*  The  futphuric  acid  is  found,  dtfengaged,  in  nature,  in  fomc  parti 
•f  Italy.  Baldaffart  hat  obfenred  it,  in  this  ftatc,  in  a  grotto  in  Tuf- 
cany,  at  St.  Albino,  and  at  the  lakes  of  Travale.  Vandclli  relates  that 
fulpburic  acid  is  fometimes  found  diflbWed  in  water,  in  the  environs  of 
Sienna  and  Vitcrbo.  M.  Dolomieu  found  it  in  ^uxt  crj^itaW  *^v*v 
to  on  Mount  Eta*,—H. 
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very  pure  boracic  acid ;  we  can  no  longer  entertain  t 
doubt  of  its  being  a  peculiar  acid*  The  cbemifts  of  the 
academy  of  Dijon  have  confirmed  this  difcovery ;  on 
examining  a  quantity  of  water  from  the  lake  Montero- 
tondo  fent  them  out  of  Tufcany,  tbey  found  it  to  con- 
tain the  fait  which  M.  Hoefer  had  afcribed  to  it*  It  is 
very  likely  that  the  fame  fait  may  be  found  in  other 
mineral  waters  :  it  appears,  as  we  (hall  hereafter  men- 
tion,  to  be  formed  by  the  putrefa&ion  of  fat  bodies. 

The  boracic  acid,  whether  native  or  obtained  from 
borax,  by  procefles  which  we  (hall  have  occafion  to  de- 
fcribe  under  the  article  of  that  neutral  fait,  is  a  con- 
crete  matter,  cryftallized  in  fmall  white  fcales,  very 
thin,  irregularly  formed,  figured  round  their  edges, 
extremely  light,  and  fometimes  glittering.  It  has  a 
weak,  yet  a  fenfibly  acid  tafte.  It  communicates  a 
faint  red  to  tinflure  of  violets ;  but  has  a  much  ftronger 
effe&on  that  of  turnfol,  mallows,  raddifhes,  &c. 

When  expofed  to  heat,  it  is  not  volatilized ;  but  it 
melts  when  made  red  hot  into  a  tranfparent  glafs ;  and 
the  glafs  becomes  opaque,  and  is  covered  with  a  light 
white  duft  when  expofed  to  the  air.  This  glafs  is  the 
boracic  acid  unaltered  ;  it  regains  its  lamella  ted  form 
when  diflblved  in  water,  and  caufed  to  cryftallize. 

The  boracic  acid  fuffers  no  fenfible  alteration  from 
the  a&ion  of  the  air,  whether  it  be  dry,  or  moid,  hot 
or  cold. 

It  diflblves  in  water,  not  without  difficulty ;  for,  ac- 
cording to  the  academicians  of  Dijon,  a  pound  of  boil- 
ing water  diffolves  no  more  than  i8j  grains  of  this  a- 
cid  ;  when  cooled  and  partly  evaporated,  it  returns  to 
irs  cryftalYmc  foxvu.  This  (olution  inflantaneouily  red- 
rew 
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dens  the  tin&ure  of  turnfol,  and  alters,  though  more 
flowly  indeed,  the  colour  of  fyrup  of  violets.  When  a 
quantity  of  the  boracic  acid,  moiftened  with  a  little 
water,  is  heated  in  a  cucurbite,  fitted  with  a  capital, 
part  of  the  acid  is  fublimated  together  with  the  va- 
pour arifing  from  the  water ;  but  as  foon  as  the  whole 
of  the  water  is  volatilized  and  the  boracic  acid  left 
dry,  the  fublimation  ceafes:  from  which  it  appears 
that  the  acid  is  of  itfelf  fixed,  as  may  be  fliown  by 
melting  it  in  a  crucible.  By  fublimating  it  in  this  man- 
ner with  water,  if  the  procefs  be  fkilfully  conduded, 
it  is  obtained  under  a  beautiful  fparkling  cryftalline 
form.  The  boracic  acid,  after  pafling  through  this  pro* 
cefs,  is  very  pure,  and  is  known  in  pharmacy  by  the 
name  of  fublimated  fedative  fait. 

'  The  boracic  acid  ferves  as  a  flux  to  (iliceous  earth  ; 
and  the  gtafs  which  they  form  together  is  white  or 
faintly  coloured.  With  the  help  of  heat,  it  diffolves 
the  earth  precipitated  from  the  liquor  of  flints.  It  u- 
nites  with  barytes,  magnefia,  lime,  and  alkalis ;  and 
forms  by  its  union  with  thefe  fubftances  a  clafs  of  pe- 
culiar falts,  diftinguifhed  by  the  general  name  of  bo- 
rates, of  which  we  are  well  acquainted  with  none  but 
one  fpecies. 

The  whole  of  thefe  properties,  but  more  efpecially 
its  tafte,  and  the  red  colour  which  it  communicates 
to  blue  vegetable  tin&ures,  fufficiently  diftinguifh  it 
as  an  acid.  But  it  faturates  alkaline  bafes  only  in 
part ;  and  is  known  to  be  the  weakeft  of  all  acids,  as 
all  of  the  others,  not  even  the  carbonic  acid  excepted, 
difeng?ge  it  from  the  fubftances  with  which  it  com- 
bines. 

TV* 
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The  adion  of  the  other  acids  on  the  bo  rack  is  not 
well  known.  It  appears  to  e/&&  a  partial  decompo* 
fit  ion  of  the  fulphuric  acid  ;  for  when  dtitiUed  on  this 
fait,  the  fulphuric  pafies  into  the  date  of  fulphu- 
reous  acid.  As  to  the  nitric  and  the  muriatic  acids 
we  know  that  they  diffblve  it;  but  the  phenomena 
which  take  place  on  that  occafion  have  not  yet 
been  fufficiently  attended  to,  to  enable  us  to  deter* 
mine  whether  or  not  a  mutual  decomposition  then  takes 
place. 

A  diverfity  of  opinions  prevails  concerning  the  na- 
ture and  the  formation  of  the  boracic  acid.     A  num- 
ber of  chemifts  have  believed  it  to  be  an  intimate  com- 
bination of  the  fulphuric  acid,    and  vitrifiable  earth 
with  a  fat  matter.     Meffrs  Bourdelin  and  Cadet  think 
it  to  be  formed  by  the  muriatic  acid.     The  latter  of 
thefe  two  gentlemen  thinks  that  it  muft  contain  a  fmall 
quantity  of  earth  of  copper,  becaufe  it  has  the  fame 
property  with   the  oxides  of  copper,  of  communicat- 
ing a  green  colour  to  the  flame  of  corabuft  iblc  bodies. 
Cartbeufer  afiures  us,  that  on  drying  and  calcining  by 
the  a&ion  of  a  flow  fire,  a  quantity  of  the  boracic  acid 
in  a  ftate  of  great  purity,  he  observed  it  to  emit  vapoun 
of  the  muriatic  acid ;  and  that  on  diflblving  this  (alt 
thus   dried,  and  filtrating    the   folution,    he  found  a 
grey  earth  remaining  after  the  filtration;  and  laftJy,  that 
by  many  repetition&of  this  calcination  and  folution,  heat 
length  accompliihed  the  entire  decompofition  of  the  bora- 
cic acid,  and  found  it  to  be  a  modification  of  the  mu- 
riatic   acid  fixed  by  an  earth.     This  experiment  has 
been  repeated  by  Meflrs  Macquer  and  Poulletier  de  Is 
Salle  ;  they  obfeivtd  an.  odorous  vapour  to  be  difengag* 

ed 
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td  during  the  calcination  of  this  fait,  but  they  were  not 
able  to  diftinguifh  from  its  fmcll  that  it  was  muriatic  a- 
cid.  By  repeated  deficcations  and  folutions,  they  ob- 
tained a  fmall  portion  of  grey  earth ;  but  the  earth, 
when  united  with  the  muriatic  acid,  did  not  form  feda- 
tive  fair,  as  Cartbeufer  had  given  out ;  and  of  confe- 
quence  this  chemift's  opinion  appears  to  be  no  better 
fupported  than  the  reft.  Model  thought  this  fait  to  be 
a  combination  of  a  peculiar  alkali  with  the  fulphuric  a- 
cid,  which  is  ufed  in  difengaging  it.  But  this  opinion 
cannot  be  admitted }  for  the  boracic  acid  is  always  the 
feme,  whatever  be  the  acid  ufed  to  precipitate  it.  M. 
Baume  fays,  that  he  found  means  to  produce  the  bo- 
racic acid  by  leaving  a  mixture  of  greafe  and  clay 
to  macerate  for  1 8  months.  At  the  end  of  that  time, 
be  obtained  from  it,  by  lixiviation,  a  fait  in  fmall 
fcales,  with  all  the  properties  of  Jcdatrvc  fait.  From 
this  he  concludes  the  boracic  acid  to  be  a  combina- 
tion of  the  acid  of  greafe  with  a  very  fine  earth, 
which  it  is  impoffible  to  feparate  entirely  from  it.  He 
adds,  that  the  fame  fait  may  be  produced  with  vege- 
table oils,  but  more  flowly,  M.  Wiegleb  repeated  M. 
Baume's  experiment,  but  without  obtaining  boracic 
acid* 

Chemifts  at  prefent  think  this  to  be  a  peculiar  acid 
differing  from  all  others,  and  pofleffing  certain  cbarac- 
teriftics  of  its  own.  Its  ele&ive  attractions  for  alka- 
line bafes  are  arranged  by  Bergman  in  the  following 
order;  lime,  barytes,  magnefia,  potafh,  foda,  ammo. 
niac.  As  they  differ  greatly  from  thofe  of  the  other 
acids  above-examined,  they  afford  an  additional  proof 
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of  the  peculiarity  of  the  nature  of  this  acid,  whofe 
component  principles  remain  (till  unknown. 

The  ufe  of  the  boracic  acid  in  medicine,  was  firft  in- 
troduced by  Horn  berg,  who  afcribed  to  it  quieting 
narcotic  qualities,  and  gave  it  the  name  of  fedative  falt9 
or  volatile  narcotic  fait  of  vitriol,  becaufe  he  had  ob- 
tained it  by  fublimating  a  mixture  of  nitre  and  vitriol, 
But  experience  has  fince  fhown  the  medical  virtues  of 
this  fait  to  be  but  very  moderate  ;  at  lead  it  mud  be 
given  in  a  much  ftronger  dofe  than  Homberg  has  direc- 
ted, in  order  to  produce  the  effects  he  afcribes  to  it ;  and 
it  is  very  properly  rejected,  as  we  have  many  other  me- 
dicines of  the  fame  clafs,  whofe  effe&s  are  much  more 
certain. 

It  is  ufed  in  many  operations  of  chemiftry,  and  in 
the  aflaying  metals  as  a  flux.  We  will  fpeak  of  its  ap- 
plication to  this  purpofe  in  a  fubfequent  chapter*. 
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*  The  water  of  the  lake  Cherchiajo,  near  Monterotondo,  in  the 
Lower  Siennefe,  afforded  to  M.  Hpefer,  three  ounces  of  pare  acid  of 
borax,  out  of  an  hundred  and  twenty  pounds  of  the  water:  12,180 
grains  of  the  water  of  the  Lake  of  Cafttrlnuovo,  afforded  120  grains  af 
pure  boracic  acid.  Some  pure  boracic  acid  w?s  collected  in  the  minei 
of  Tufcany  by  M.  BcfTon.  Mr  Weftrumb  found  borax  id  the  cw&k 
quartz  of  Limeburg  — li. 
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CHAP.     V. 


Order  II.    Secondary,  or  Neutral  Salts. 


TTNDER  the  name  of  fccondary  faltt%  are  comprei 
hended  all  fucb  fubftances  as  are  formed  by  the 
combination  of  two  primary  faline  matters.  They 
have  received  the  name  of  neutral  falts,  becaufe  they 
poflefs  not  the  charaderiftics  of  primary  falts ;  that  is, 
they  are  neither  acid  nor  alkaline.  Yet  feveral  of  them, 
fuch  as  borax,  chalk,  and  alkalis  when  united  with 
the  carbonic  acid,  exhibit,  though  in  an  inferior  de- 
gree, fome  of  the  properties  of  primary  falts.  Thefe  fe- 
condary  falts  have  not  fo  ftrong  a  tafte  as  mod  of  the 
primary ;  nor  do  they  diflblve,  or  enter  into  new  com- 
binations fo  readily.  But,  what  principally  diftin- 
guifhes  them  from  the  primary  is,  their  inability  to 
communicate  faline  properties  to  other  bodies.  Their 
cryltalhne  form  is  another  charadenitic  by  which 
they  are  diitinguiihed  j  it  merits  the  attention  of  the 
Vol.  I.  C  c  ife\raaK&  \ 
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naturalift ;  but,*  though  it  fometimes  determines  their 
nature,  it  alfo  occafions  frequent  miAakes. 

The  term  bafe,  is  commonly  ufed  to  denote  the 
more  fixed  part  of  the  compofition  of  neutral  falts.  As 
this  bafis,  which  is  fometimes  volatile,  communicates 
feveral  pretty  uniform  general  charafteriftics  to  the  va- 
rious combinations  with  acids,  of  which  k  admits,  we  (hall 
ufe  the  name  of  the  bafe%  to  diftinguifh  the  genera  of 
fecondary  falts.  Thefe  fairs  may  then  be  divided  into  fa 
many  genera  as  there  are  faline  or  alkaline  bafes  capa- 
ble of  being  united  with  acids. 

•  The  firft  genus  comprehends  all  fuch  as  are  formed 
by  the  union  of  the  two  fixed  alkalis  with  any  of  the 
acids.  Thefe  we  ftiall  denominate  perfect  neutral  falls; 
becaufe  the  union  of  their  component  parts  is  very  in- 
timate: 

The  fecond  genus  includes  thofe  falts  which  aro 
formed  by  the  combination  of  volatile  alkali,  or  ammo- 
niac with  acids.  They  have  received  the  name  of** 
moniacal  falts  from  the  modern  name  of  their  bafe. 
They  may  alfo  be  called  imptrfeft  fahs%  becaufe  they 
are  much  eafier  decomposed  than  thofe  of  the  former 
genus. 

In  the  third  genus  are  ranked  fuch  as  have  lime  for 
their  bale.  Thefe  are  in  general  more  imperfed  thaa 
thofe  of  the  fecond  genus,  although  lime  has  a  ftronger 
affinity  than  ammoniac  with  the  acids,  as  will  be  after- 
wards particularly  fhown.  They  are  denominated  ol- 
fareous  neutral  falts. 

The  fourth  genus  confifts  of  combinations  of  nwg* 
wetia  with  various  acids.     Thefe  falts  are  dill  moree* 

fii; 
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fily  decompofed  than  thofe  of  the  I  aft  mentioned  ge- 
nus ;  becaufe  acids  have  a  ftronger  affinity  with  lime 
and  alkalis  than  with  magnefia.     Their  proper  name  is 
mignefian  neutral  fait s,  or  neutral  fait s  with  a  baft  of 
magnefia. 

To  the  fifth  genus  belong  thofe  of  which  the  bafe 
is  pure  argillaceous  or  aluminous  earth.  Alum  being 
the  chief  of  thefe  combinations,  they  have  received  the 
generic  name  of  aluminous  falts.  Aluminous  neutral 
falts  are  aim  oft  always  decompofed  by  the  operation  of 
alkalis,  lime,  and  magnefia. 

Laftly,  To  the  fixth  genus  we  aflign  neutral  falts, 
having  a  bafe  of  bary  tes  or  ponderous  earth.  Both  thefe 
and  the  greater  part  of  the  two  preceding  genera  are 
ljut  very  little  known.  Barpic  Jalts  is  the  distinctive 
name  of  this  genus. 

It  may  be  e  a  fily  imagined,  that  thefe  feveral  ba- 
tes, when  combined  with  the  acids  whofe  properties 
we  have  examined,  mud  afford  a  very  confidence 
number  of  neutral  falts :  and  this  number  will  be  much 
more  confiderable,  if,  with  Bergman,  we  admit  as  dU 
ftind  falts  the  various  combinations  of  thefe  fame 
bafes  with  thofe  acids  which  he  calls  pblogijiicated ;  and 
which,  according  to  the  modern  do&rine,  are  deprived 
of  a  part  of  their  pure  air  or  oxigeoe.  But  as  thefe 
compounds  are  liable  to  alterations  on  coming  into  con- 
tad  with  air,  which  caufes  them  almoft  inftantly  to  af- 
fume  the  charadter  of  real  neutral  falts,  it  feems  impro- 
per to  add  them  to  a  lift  which  is  already  but  too  nume- 
rous ;  we  fhall,  however,  point  out  what  peculiar  pro- 
perties they  acquire  from  the  (late  of  their  acids.     We 
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mud  obferve  farther,  that  although  the  alkaline  bafa 
here  enumerated,  when  combined  with  aqua  regia,  af- 
ford a  mixture  of  nitrous  and  marine  falts,  yet  as  thefe 
may  be  obtained  feparate,  and  are  perfectly  the  fame 
with  thofe  produced  by  the  fimple  acids ;  we  mean, 
therefore,  to  take  notice  of  them  only  when  fpeaking 
of  the  combination  of  alkaline  bafes  with  the  fimple  a- 
cids.  Having  hitherto  examined  no  more  than  fix  prin- 
cipal acids,  we  are  to  treat  only  of  the  neutral  faline 
combinations  into  which  thefe  enter. 

In  the  arrangement  of  the  feveral  fpecies  of  the  neu- 
tral falts,  the  mod  natural  order  feems  to  be  that 
of  the  affinities  of  the  acids:  and,  therefore,  through  all 
the  genera,  we  begin  with  fulphatic  falts,  proceeding 
from  them  to  the  nitric ;  after  which  we  treat  fuccef- 
fively  of  thofe  whofe  bafes  are  combined  with  the  ma- 
rine, the  boracic,  the  fluoric,  and  the  carbonic  acids, 
the  laft  of  which  is  the  weakeft  of  all. 

That  our  nomenclature  may  be  clearly  expreffive  of 
the  nature  of  the  fubflances  to  which  it  refers,  the 
name  which  we  affix  to  each  of  thefe  falts  is  com- 
pounded of  the  name  of  its  acid  and  that  of  its  bafej 
and  the  various  names  by  which  any  neutral  fait 
has  been  known  at  different  periods  are  carefully  fub- 
joined. 

Genus    \ 
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Genus  I.     Perfeft  Neutral  Salts,  or  Salts  with  a  bafe 

of  fixed  Alkali. 

Species  I.     Sulphate  of  Pota/b. 

Sulphate  of  potafh,  which  has  been  alfo  called  vi- 
triolated  tartar,  Salde  duobus,  Polycbrejl  fak,  and  Ar- 
canum duplicatum,  is  a  perfed  neutral  fait,  refulting, 
as  its  new  name  denotes,  from  the  combination  of  the 
fulphuric  acid  with  potafh.  It  feldom  appears  in  the 
mineral  kingdom ;  but  a  few  vegetables  contain  a  (mall 
-quantity  of  it. 

This  fait  is  generally  in  a  greater  or  a  lefs  degree 
tranfparent  and  regular;  its  cryftals  differ  in  form  and 
magnitude,  -according  to  the  circumflances  in  which 
they  are  obtained.  When  formed  flowly  in  the  fmall 
way,  they  affume  the  figure  of  tranfparent  fix-fided 
pyramids,  nearly  fimilar  to  rofe-diamonds ;  and  fome~ 
times,  though  lefs  frequently,  they  take  the  form  of  fix- 
fided  prifms,  terminating  in  two  hexahedral'pyramids, 
much  like  rock  cryflaL  But  if  the  evaporation  be  very 
rapid,  the  cryftals  are  agglutinated  into  one  mafs,  under 
the  form  of  a  folid  cruft,  the  furface  of  which  is  cover- 
ed with  fmall  irregular  pyramidal  fpikes :  of  this  kind  is 
the  fait  of  this  name  met  with  in  commerce.  Laftly, 
when,  in  order  tp  obtain  the  cryftals  as  regular  as  pof- 
fible,  a  folution  of  this  fait  is  expofed  to  a  gentle  fpon- 
taneous  evaporation  by  the  heat  of  the  atmofphere,  its 
cryftals  are  generally  folid  twelve  fided  figures,  joining 
at  the  bafe,  and  fometimes  feparated  by  a  fhort  fix-fided 
prifm.     Thefe  indeed  are  ufually  foul,  and  at  no  tims. 
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equal  the  whitenefs  and  tranfparency  of  thofe  which  are 
obtained  by  the  former  pfocefs  of  Evaporation.  But 
one  imperfe&ion  attending  moft  of  thefe  neutral  falts 
is,  that  they  are  either  of  a  dark  colour  or  an  irregular 
figure. 

Sulphate  of  potafh  has  a  very  difagreeable  bitter 
tafte.  Fire  produces  but  little  alteration  trpbn  it. 
When  laid  on  burning  coals,  it  bftalcs  with  fwafe  inta 
-a  number  of  little  pieces :  This  phenomenon,  which  is 
trailed  decrepitation,  arifes  from  the  fuddeft  tarefa&oit 
of  the  water  which  entered  into  it  wlien  it  was  <ccyfUl- 
Irfed.  But  fulphate  of  potafh  loies  rieffte  of  its  effential 
properties  by  decrepitation.  It  decrepitates  in  the  fame 
manner  when  expofed  to  the  adlon  of  fire  in  a  cru- 
cible, and  becomes  dry,  friable,  and  even  jnilrertileftt, 
by  lofing  the  water  which  it  contained :  it  becomes  red 
before  melting,  and  a  ftrong  fire  is  requifite  to  bring  it 
to  fulion.  If  expofed  to  cold  when  ih  a  ftate  of  fa- 
fion,  it  becomes  ail  opaque  mafs, '  friable,  and  fotuble: 
it  appears  likewife  to  have  fuffered  no  alteration  of  its 
principles ;  for  it  regains  its  tranfpareht  and  cryftalline 
form  on  being  diflclved  in  water.  If  kept  for  a  while 
in  the  ftate  of  fufion  in  an  open  veffel,  it  is  volatilifed, 
but  without  being  decompofed. 

Sulphate  of  potafh  fufFers  no  alteration  from  air.  It 
remains  in  its  cryftalline  ftate,  without  fuffering  any 
change  either  of  form  or  of  tranfparency.  It  is  fcarce 
foluble  in  water;  yet  the  difficulty  of  diflolving  it  is 
greater  or  lefs  according  to  the  temperature  of  the 
fluid.  According  to  Spielrnan,  about  iS  parts  of  cold 
water  are  required  to  diflblve  I  of  this  fait.  But  boil- 
ing water  d'riL\N^\irkwVj  \v\  the  proportion  of  4  to  1; 
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ibr  M.  Baume  a  flu  res  us,  that  4  ounces  of  boiling 
water  diflblve  7  drams  and  48  grains  of  fulpbate  of 
potafli.  It  is  cry  ft  alii  fed  partly  by  cooling,  but  Hill 
more  by  evaporation  :  It  contains  but  very  little  water 
in  its  cryflals,  and  therefore  fufiers  no  change  of  ftatc 
when  expofed  to  the  air. 

Sulphate  of  potafli  ads  not  at  all  on  the  Ample  earths. 
When  accidentally  mixed  with  falts  ufed  as  fluxes  in 
making  glafs,  it  is  found  again  in  the  fcoriae;  and  it  is 
-obtained  in  considerable  quantities  from  glafs  gall. 

According  to  Bergman,  baiytes  or  ponderous  earth 
having  more  affinity  than  potafh  with  the  fulphuric  a- 
-cid,  decompofes  this  neutral  fait.  If  a  folution  of  this 
-earth  be  poured  en  a  folution  of  fulphate  of  potafh, 
this  procefs  forms  a  precipitate  of  barytic  fulphate  or 
fonder ous f par y  which  is  abfolutely  infoluble;  its  pro* 
perties  we  fhall  hereafter  examine.  The  potafh,  if  pure 
and  cauftic,  remains  diflulved  in  the  liquor. 

Lime  and  magnefia  &8L  not  on  fulphate  of  potafh ; 
but  many  of  the  acids  ad  very  forcibly  upon  it  Rouelle 
•difcovered  that  it  is  poffible  to  combine  with  this  fait  a 
greater  quantity  of  the  fulphuric  acid  than  it  naturally 
contains.  His  procefs  confifts  in  diililling  a  quan- 
tity of  concentrated  fulphuric  acid  on  fulphate  of 
potafh.  The  neutral  fait  becomes  impregnated  with 
the  acid,  and  acquires  new  properties :  it  now  reddens 
the  tintture  of  violets,  is  foluble  in  water,  has  a  four 
tafte,  and  effervefces  with  alkalis  faturated  with  car- 
bonic acid,  even  after  being  diflblved  and  cryftallifed. 
M.  Baume  has  maintained,  that  no  real  combination 
takes  place  between  the  acid  and  the  neutral  fait,  and 
that  they  may  be  feparated  merely  by  placing  them  on 
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bibulous  paper  or  fand.     But  Macqucr  remarks,  that 
thefulphuric  acid  adheres  with  no  inconfiderable  force 
to  fulphate  of  potafh  ;  and  thinks  that  their  mutual  ad- 
hefion  mud  be  owing  to  a  peculiar  affinity  between  the 
two  fubftances :  according  to  him  neither  fire  nor  water 
is  able  to  feparate  them.     I  have  feveral  times  corabinr 
ed  the  concentrated  iulphuric  acid  with  fulphate  of  pot* 
afh,  in  Rouelle's  way ;  that  is,  by  diftillation  in  glaft 
retorts,  and  have  obferved  fome  phenomena  not  men- 
tioned in  his  diflertation  on  the  fubjedt.     Sulphate  of 
potafh  melts  on  the  occafion  into  a  kind  of  glafs  or  opaque 
'white  enamel  of  a  ftrong  acid  tafte :  but  this  vitreous  frit 
does  not  attradt  moifture  from  the  air ;  on  the  contrary, 
it  rather  exhibits  appearances  of  efflorefcence,  when  the 
acid  makes  only  a  fourth  part  of  the  total  weight. 
There  is,  therefore,  as  Macquer  thought,  a  pretty  ftrong 
adhefion  between  the  neutral  fait  and  the  acid  ;  and  that 
adheflon  is  no  doubt  owing  to  a  peculiar  combination. 

M.  Baume  has  obferved,  that  fulphate  of  potafh  dif- 
fers a  very  confiderable  alteration  from  the  nitrous 
acid.  If  aquafortis  be  boiled  on  this  fait,  the  nitrous 
acid  feizes  on  part  of  the  potafh,  and  difengages  the 
fulphuric  acid  contained  in  it.  When  this  mixture  is 
Suffered  to  cool,  its  cry  ft  a  Is  are  pure  nitre.  It  was  at 
firfl  thought  that  this  decompofition  could  not  take 
place  without  the  help  of  heat ;  but  if  fuming  fpirit 
of  nitre  be  poured  on  fulphate  of  potafh  in  powder,  it 
will  be  found  at  the  end  of  fome  hours  to  have  depo- 
sited cryftalsof  nitre.  It  was  likewife  advanced,  that 
when  the  mixture  became  cold,  the  fulphuric  acid,  re- 
fuming  its  rights,  decompofed  in  its  turn  the  nitre  of 
potafh :  but  lhave.  ke^t  mixtures  of  fulphate  of  potafh 
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1vith  fpirit  of  nitre  for  feveral  years,  and  at  the  bou 
torn  of  the  mixture  there  were  always  faline  cryftals 
which  detonized  on  burning  coals,  and  fuffered  no 
change  of  nature  though  iramerfed  in  the  fulphuric 
acid  fe  pa  rated  by  the  nitrous.  M.  Cornette  has  ob- 
ferved,  that  the  concentrated  muriatic  acid  likewife 
decompofes  fulphate  of  potafh,  even  cold.  From  thefe 
two  fads  it  would  appear,  that  the  law  of  affinity  re- 
fpeding  thefe  different  acids  does  not  hold  fo  invariably 
as  was  imagined.  Yet  we  mud  obferve,  with  Bergman, 
I.  That  whatever  quantity  of  the  nitrous  and  muriatic 
acids  be  made  ufe  of  in  thefe  experiments,  no  more  than 
a  third  part  of  the  given  quantity  of  fulphate  of  potafh 
is  ever  decompofed  ;  while  the  fulphuric  acid,  when  ap- 
plied in  a  moderate  proportion  to  nitrous  and  muriatic 
falts,  effeds  a  total  decompofition  of  them  :  2.  That  fuch 
a  decompofition  never  takes  place,  except  when  the  ful- 
phate of  potafh  contains  rather  more  of  the  fulphuric  a- 
cid  than  is  neceffary  to  conftitute  it  a  neutral  fait.  3. 
That  the  affinity  of  fulphate  of  potafh  for  the  fulphuric 
acid,  is  the  true  caufe  of  thefe  decompofitions,  and  that 
undecompofed  fulphate  of  potafh,  is  very  acid. 

But  of  all  the  modes  of  decompofition  to  which  ful- 
phate of  potafh  is  liable,  the  mod  worthy  of  our  atten- 
tion is  that  which  it  fullers  from  many  combuilible  mat- 
ters, more  efpecially  from  charcoal  and  feveral  metallic 
fubitaiices  (See  my  Memoires  deCbimie,  p.  225.).  If  a 
mixtuie  of  this  fait  with  coal  be  ftrongly  heated  in  a  cru- 
cible, the  fulphate  of  potalh  will  be  converted  in  o  ful- 
phur  united  with  the  fixed  alkali.  Stahl  thought  this  a 
very  happy  experiment  for  demonflrating  the  exigence 
pf  phlogilton ;  modern  chemifts  explain  it  by  the  pneu- 
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matic  theory.  In  the  hiftory  of  fulphur,  we  fhall  give 
both  theories. 

A  quintal. of  fulphate  of  potato  in  cryftals  contains, 
according  to  Bergman,  ebout  52  parts  of  potafti,  40  of 
fulphuric  acid,  and  8  of  water, — which  laft  is  neceflary 
to  make  it  cryftallize. 

As  this  fait  is  found  but  feldom  in  nature,  and  evea 
then  in  fmall  quantities,  the  fulphate  of  potafh  made  ufc 
of  in  medicine  is  always  a  product  of  art.  There  are 
three  ways  of  preparing  it.  Firft,  by  a  dired:  combina- 
tion of  the  fulphuric  acid  with  potaih.  This  mftafttly 
produces  fulphate  of  potafti,  which  may  be  difiolved  ia 
water,  and  cryftallized,  as  we  have  mentioned  above. 
The  fecond  way  is,  decompofing,  by  means  of  the  ful- 
phuric acid,  neutral  fait?  confiding  of  potafti  united 
with  other  acids  ;  fuch  as  nitrate,  muriate,  and  carbo- 
nate of  potalh,  &c. :  Sulphate  of  potafti  is  infallibly 
obtained  by  all  of  thefe  decompositions.  The  third 
way  of  forming  this  (alt  is  by  ufing  potalh  to  decern* 
pofe  eatthy  and  metallic  fulphuric  (alts.  The  potalh 
precipitates  the  falino-terrene  fubftances  and  the  me- 
tallic oxides,  and  feiz.es  the  fulphuric  acid.  We  will 
have  occafion  to  take  farther  notice  of  the  laft  two  of 
thefe  methods  of  preparing  fulphate  of  potafh,  when  we 
come  to  give  an  account  of  the  neutral  faits  ufedintbe 
preparation  #. 

This  fait  is  not  much  ufed  except  in  medicine.  It 
is  a  pretty  efficacious  purgative.  It  is  fometimes  gi- 
ven by  itfelf  in  dozes  of  half  an  ounce  or  an  ounce. 

But 

#  Mr.  Chaptal  relates,  that  he  had  occafionally  obtained  fulphate  of 
potafh  from  i\kC&aa\^faQtta\m£A.<— H» 
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feut  it  is  mod  generally  given,  a  dram  or  two  at  once, 
together  with  fome  other  purgative  medicines.  It  is 
ufed  as  a  folvent  in  chronical  distempers,  particularly 
in  coagulations  of  milk.  It  is  then  given  in  dofes  of  a 
few  drams  together  in  certain  preparations  of  liquids; 
but  its  folvent  power  is  much  inferior  to  that  of  many 
other  neutral  falts,  which  are  more  foluble  and  lefs 
naufeous. 

The  fulphureous  acid,  or  the  fulphuric  with  an  o- 
verplus  of  fulphur,  forms,  when  combined  with  potafh, 
a  fait  fomewhat  different  from  that  which  we  have 
Tteen  confidering.  Stahl  called  it  fulphureous  fait ; 
we  give  it  the  name  of  fulpbite  of  pota/b.  This  fait 
cryftallizes  in  polyhedrons  of  ten  fides,  or  in  two  te- 
tfahaedral  pyramids  cut  towards  their  bafes ;  it  is  very 
litter,  eafily  foluble,  aftd  rather  deliquefcent.  Aim  oft 
all  mineral  acids,  and  many  vegetable  acids,  difengage 
the  fulphureous  acid  from  this  fait  with  effervefcence, 
and  in  a  gafeous  form.  Sulphite  of  potafh,  when  ex- 
pofed  to  the  air,  gradually  abfofbs  oxigene,  and  is  con- 
verted into  fulphate  of  potafh  *. 

Species  II.     Sulphate  of  Soda. 

Sulphate  of  foda,  which  has  been  hitherto  known 
by  the  name  of  Glauber  fait,  from  the  name  of  the  Ger- 
man  chemift  who  firft  difcovered  it,  is  a  perfect  neu- 
tral fait,  formed,  as  its  name  indicates,  by  the  union  of 

the 

A  Id  oppoGtton  to  fads  above  related  by  M.  Fourcroy,  M.  Chaptal 
afierts,  that  in    1780,   he  himfelf  (hewed  that  the  s.itt'u  acid,  without 
aJfillaDce,  will  diflbl?e  fulphate  of  potafh  ;  but  that  the  faV\fewtvc.  %sL\\ 
refiupe*  hs  plzcc,  when  the  folulion  it  coaccuttaXt^Vj  Yrax. — Vu 
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the  fulphuric  acid  with  mineral  alkali  or  foda.  This 
fait  poffefTes  many  properties  in  common  with  fulphate 
of  potafh,  and  fome  peculiar  to  itfelf.  It  is  equally 
difpofed  to  cryftallize  as  the  other;  has  a  bitter  tide; 
is  fcarce  fufible;  difiblves  in  water;  is  incapable  of 
union  with  eatths  ;  and,  like  fulphate  of  potafh,  is  de- 
compofable  in  part  by  the  nitrous  and  muriatic  acids. 
Many  of  its  properties,  however,  are  confiderably  dif- 
ferent from  thofe  of  fulphate  of  potafh  ;  as  we  fhail  fee 
by  examining  them  particularly. 

Sulphate  of  foda  is  commonly  a  body  of  a  regular 
form,  and  more  or  lefs  white  or  tranfparent.  Its  cry- 
ftals  are  phfms  with  fix  unequal  and  flriated  fides  ter- 
minating in  dihaedral  fummits.  They  are  feldom  un- 
der a  regular  form,  and  the  number  of  the  fides  varies 
as  well  as  their  fize,  pofture,  arid  ftriae  ;  as  M.  Rome 
de  Lille  has  fhown  very  particularly  in  his  cryftallogra- 
phy.  The  prifips  of  this  fait  vary  in  fize  from  the 
form  of  fmall  needles,  very  minue,  to  prifms  half  an  inch 
in  diameter  2nd  fix  or  eight  in  length  ;  which  lad  are 
obtained  when  a  great  quantity  is  cryftallized  at  one?. 
Its  tafte  is  at  fiift  frefti,  but  foori  becomes  very  difagree- 
ably  bitten  It  produces  no  alteration  on  blue  vegetable 
colours.  * 

When  expofed  to  the  a&ion  of  fire,  it  is  quickly  li- 
quefied :  but  it  foon  dries  and  becomes  of  an  opaque 
white  colour;  in  which  Rate  it  is  no  lefs  difficult  to  melt 
than  fulphate  of  potafh.  In  order  to  form  a  juft  notion 
of  what  pafies  uhen  heat  ads  with  this  effedt  on  ful- 
phate of  foda,  we  mutt  take  notice  that  faline  fub- 
flances  are  melted  two  ways.  I.  By  means  of  theVa- 
ter  which  enters  mtQ  their  cryftals,  which  is  called 
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Aqueous  fujion.  This  takes  place  only  on  fuch  fairs 
as  are  more  foluble  in  warm  than  in  cold  water  ;  which 
happens  becaufe  the  portion  of  the  fluid  which  enters 
into  conftitution  of  their  cryftalsf  being  then  warm- 
ed, difiblves  the  faline  matter.  This  aqueous  fufion  is 
therefore  nothing  more  than  folution  by  warm  water : 
and  therefore  fulphate  of  foda  afiumes  again  a  folid 
form  when  it  is  fufTered  to  cool.  2.  But  if  the  heat  be 
continued  after  it  is  liquified,  it  becomes  dry  and  white: 
it  may  then  be  melted  by  means  of  a  more  intenfe  heat ; 
and  this  fufion  is  actually  the  efledfc  of  fire,  and  there- 
fore called  igneous  fufion.  Sulphate  of  foda  is  there- 
fore  no  lefs  difficult  of  fufion  than  fulphate  of  potafh ; 
and  like  it  is  volatilized  by  the  extreme  violence  of 
fire,  but  fuffers  no  alteration  of  principles  from  the  ac- 
tion of  heat. 

It  is  like  wife  on  account  of  their  containing  a  great 
quantity  of  water,  that  the  cryftals  of  fulphate  of  foda 
when  expofed  to  the  air,  are  in  a  fhort  time. reduced 
to  a  very  fine  white  powder.  This  phenomenon  is 
called  effiorefcence  ;  becaufe  in  fad  the  cryftals  are  co- 
vered over  with  a  kind  of  fine  flour,  in  whitenefs  and, 
form  refembling  the  fublimated  matters  which  are 
known  in  chemiftry  under  the  improper  name  of  flowers. 
The  caufe  of  this  falt's  falling  down  in  this  manner, 
when  expofed  for  fome  time  to  the  air,  is  its  lofing  the 
water  on  which  the  conftitution  of  its  cryftals  depends. 
It  therefore  effloreJces  mod  readily  when  the  air  is  ve- 
ry dry,  and  of  conlequence  eager  to  abforb  moifture. 
This  phenomenon,  therefore,  bears  a  great  refemblance 
to  the  deficcation  effedted  by  heat :  both  depend  on 
the  evaporation  of  the  water  to  which  the  cryltalline 
1  W:  \w 
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form  is  owing.  Yet,  as  the  water  which  enters  into 
the  cryftals  of  fulphate  of  foda,  and  of  all  efflorefcent 
falts  in  general,  is  perfe&ly  combined  with  the  faline 
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matter  ;  efflorefcence  appears  to  be  owing  to  a  kind  of 
elective  attraction  between  air  and  water.  This  phe- 
nomenon is  therefore  to  be  confidered  as  a  decompofi- 
tion  of  cryftals,  taking  place  in  confequence  of  water's 
having  a  greater  affinity  with  air  than  with  the  faline 
matter.  Such  has  always  been  my  idea  of  effloref- 
cence, and  I  do  not  fee  how  it  can  be  explained  other- 
wife,  (See  my  Memoir es  de  Cbimie  ).  Sulphate  of  fo- 
da lofes  almoft  half  its  weight  when  it  undergoes  this  al- 
teration :  but  its  nature  is  not  changed,  and  we  may 
caufe  it  to  refume  its  cryftalline  form,  by  re  (tori  ng  to 
it  the  water  which  it  has  loft.  Though  no  writer  on  the 
Materia  Medica  have  as  yet  made  the  obfervation,  yet 
to  me,  it  feems  an  object  of  fome  importance,  to  know 
the  exa&  quantity  of  water  which  fulphate  of  foda  lofes 
when  it  efflorefces,  in  order  that  the  fame  quantity  may 
be  always  prefcribed  for  a  dofe,  in  whatever  of  the  two 
ftates  the  fait  may  happen  to  be.  Rather  more  than 
one-third  lefs  of  this  fait  fhould  be  given  when  it  is  in  a 
(late  of  efflorefcence  than  when  it  is  under  the  form  of 
fine  tranfparent  cryftals. 

Sulphate  of  foda  diflblves  very  eafily  in  water.  No 
more  than  four  parts  of  cold  water  are  neceflary  to  dif- 
folve  one  of  this  fait.  But  a  fmaller  quantity  of  warm 
water  will  be  fufficient  to  dilTolve  the  fait,  and  a  (till 
fmaller  quantity  in  proportion  as  the  water  is  made 
hotter.  One  part  of  boiling  water  diflolves  almoft  as 
much  of  this  fait  as  is  equal  to  its  own  weight.  The 
method  in  which  we  make  it  cryftallife  is  founded  on 
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this  property.  As  it  is  more  folubte  in  warm  than  in 
cold  water,  ail  that  we  need  to  do  is,  to  leave  a  ftrong 
Solution  of  this  fait  to  cool ;  and  it  affords  cryftals 
which  are  more  or  lefs  regular,  and  of  a  greater  or 
a  fuiallcr  fize,  in  proportion  as  the  quantity  of  the  fo- 
lution  is  greater  or  lefs,  and  as  it  is  cooled  more  flow* 
ly  or  more  quickly,  in  the  laboratories  of  apotheca- 
ries, where  this  operation  is  performed  in  the  great  way, 
ftriated  prifms  feveral  inches  long  are  often  obtained, 
which  afford  fpecimens  of  the  regularity  of  the  form  of 
this  fait. 

Sulphate  of  foda  adls  no  more  on  filice  or  alumine  than 
fulphate  of  potafh  :  and  as  it  is  fo  difficult  of  fufion,  it 
b  no  more  ufed  in  making  glais  than  the  other.  Bary- 
tes  decompofes  it  as  well  as  fulphate  of  potafh  ;  but  the 
other  falino-teirene  fubftances  produce  no  alteration 
upon  it. 

Pure  cauftic  potafh,  mixed  with  a  folution  of  fulphate 
of  foda,  decompofes  it ;  becaufe  it  has  a  ftronger  affinity 
than  foda  with  the  fulphuric  acid.  In  order  to  receive 
foil  convi&ion  of  this,  the  reader  may  pour  a  lixiviate 
of  cauftic  potafh  on  a  warm  and  flrongly  futurated  fo- 
lution of  fulphate  of  foda.  This  folution,  which,  if 
fuffered  to  cool,  would  have  afforded  cryftals  of  the  lat- 
ter, gives  fulphate  of  potafh  by  evaporation  ;  and  the 
mother  water  contains  cauftic  foda. 

The  fulphuric  acid  combines  with  fulphate  of  foda, 
and  adheres  to  it  in  the  fame  manner  as  to  fulphate  of 
potafh. 

"  The  nitric  and  the  muriatic  acids  decompofc  it  with 
the  fame  attendant  circumftances  as  when  they  decom- 
pofe  fulphate  of  potafh, 
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When  fulphate  of  foda  is  violently  heated  with  char- 
coal and  fome  metals,  the  fulphuric  acid  aflumes  the 
form  of  fulphur,  as  we  (hall  have  occafion  to  mention 
tinder  the  hiftory  of  that  combuftible  body. 

All  the  properties  in  which  fulphate  of  foda  differs 
from  fulphate  of  potafh,  ferve  as  fo  many  proofs  that 
the  two  fixed  alkalis,  however  fimilar  in  their  (late  of 
purity,  are  neverthelefs  extremely  different  from  each 
other ;  becaufe  they  form  very  diffimilar  falts  when 
combined  with  the  fame  acid.  Befides,  the  proportion 
in  which  the  principles  of  this  fait  are  united,  is-very  difc 
ferent  from  that  by  which  fulphate  of  potafh  is  formed: 
for,  according  to  Bergman,  a  quintal  of  fulphate  of  fo- 
da contains  15  parts  of  foda,  27  of  fulphuric  acid,  and 
58  of  water  *. 

This  fait  is  more  copious  in  nature  than  fulphate  of 
potafh.  It  is  obtained  in  great  abundance  from  fea- 
water,  from  the  water  of  certain  fait  fprings,  and  more 
cfpecially  from  many  mineral  waters.  Art  can  likewife 
procure  it  by  the  three  methods  of  which  we  have  giv- 
en a  defcription  in  the  hiitory  of  fulphate  of  potafh.  It 
is  not  more  ufed  in  the  arts  than  that  fait  ;  but  much 
more  in  medicine.  It  is  given  as  a  folvent,  aperient, 
and  purgative,  in  dofes  of — from  half  a  dram  to  an 
ounce  and  an  half,  according  to  the  cafes  in  which  it 
is  adminiflered.  Its  effects  are  even  more  ftrong  and 
qukk  than  thofe  of  fulphate  of  potafh  ;  becaufe  its  fa- 
pidity  is  greater,  and  it  dilfolves  much  more  readily  in 

the  humours  of  the  human  body  -jr. 

Wc 

*  Others  effort,  that   ico  grains  of  fulphate  of  foda  contain  14  a- 

cid,  22  alkali,  and  64  water. — H. 

f  The  tamar'tx  jallka,  *  \>W\.  ^co*rmg  on  the  fea  comft  of  Franca 
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We  are  ignorant  of  the  properties  of  fulphite  of  foda, 
or  of  that  fait  which  is  formed  by  the  combination  of 
the  fulphureous  acid  with  alkali  of  foda. 

Species  III.    Nitrate  ofPota/b,  or  Common  Nitre. 

Nitrate  of  potafli,  common  nitre,  or  faltpetre,  if 
formed  by  a  fatarated  combination  of  the  nitric  acid 
with  potafh.  This  fait  has  a  frefh  tafte,  is  a  perfect 
neutral  fair,  and  does  not  alter  the  colour  of  fyrup  of 
violets.  Its  cryftals  are  fix-Gded  prifros,  terminating  in 
dihedral^  pyramids,  or  cut  off  with  a  Hope,  and  often 
channelled  from  one  end  to  the  other. 

There  is  great  abundance  of  this  fait  in  nature  :  it  is 
continually  forming  in  places  inhabited  by  animals.  It 
is  like  wife  found  in  abundance  on  walls  iheltered  from 
rain  ;  and  is  then  called  faltpetre  de  boujjage. 

There  feem  to  be  three  circumftances  which  chiefly 
promote  its  formation.  The  firft  of  thefe  is  the  prefence 
of  chalk,  or  forae  calcareous  fubftance  ;  in  this  manner 
is  the  nitre  formed  which  is  gathered  on  walls  covered 
withplatler;  and  from  this  circumftance,  con  fide rable 
quantities  of  nitre  are  ufually  found  on  the  demolition 
of  old  buildings.  This  fait  is  obtained  in  a  date  of 
perfeft  purity  from  chalky  earths.  The  Duke  de  la 
Rochefoucault  has  obtained  it  in  the  proportion  of  an 
ounce  to  the  pound  from  chalk  of  Roche-Guyon. 

The  fecond  circumftance  favourable  to  the  produc- 
tion of  faltpetre  is  the  putrefadion  or  fpontaneous  de- 
composition  of  animal  and  vegetable  matters.  It  is  a 
well  known  fact,  that  places  watered  with  animal  li« 
quors,  or  containing  animal  matters  in  a  ftate  of  putre- 
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fadion,  fuch  as  dunghills,  ftables,  jakes,  afford  great 
quantities  of  nitrate  of  potafh.  This  faft  has  always 
been  gone  upon  as  a  principle,  in  forming  beds  for  the 
artificial  production  of  nitre.  Ditches  or  covered  (beds 
are  formed,  and  left  expofed  on  all  fides  to  the  air: 
thefe  are  then  filled  with  putrefcent  fubftances,  fuch  as 
dung  of  all  kinds,  and  vegetable  fubftances ;  water  con- 
taining animal  or  vegetable  matters  is  from  time  to  time 
poured  on  the  mafs  ;  and  it  is  ftirred  now  and  then  to 
change  the  relative  difpofition  of  the  furfaces.  When 
the  putrefa&ion  is  confiderably  advanced,  a  fmall  por- 
tion of  the  matter  is  taken  and  lixivated,  in  order  that 
it  may  be  known  whether  it  contains  nitre;  and  if  it  be 
found  to  contain  a  fufficient  quantity  of  the  fait,  the 
whole  mafs  is  fubjeded  to  the  fame  procefs. 

The  third  circumftance  apparently  favourable  to  the 
produ&ion  of  nitre,  is  the  con  tad  of  the  air.  This  is 
one  great  caufe  of  the  formation  of  the  faltpetre  found 
on  walls  ;  and  it  is  on  this  principle  that  the  mixture 
depofited  for  the  artificial  produdion  of  nitre  is  fre- 
quently ftirred,  in  order  that  the  air  may  have  accefs 
to  every  part  of  the  mafs.  Beds  of  chalk,  which  na- 
turally contain  nitre,  afford  it  only  to  a  certain  depth, 
and  not  lower.  Where  thefe  three  circumstances  meet, 
nitre  is  produced  in  great  abundance.  Beds  for  the 
artificial  production  of  nitre  fhould  be  formed  on  thefe 
principles. 

It  is  but  a  very  fhort  time  fince  the  theory  of  the 
produdion  of  nitre  came  to  be  known.  Glauber,  and 
a  number  of  chemifts  who  implicitly  adopted  his  opi- 
nion, thought  this  fait  to  be  entirely  formed  in  vege- 
table fubfouttt,  Vs\  tt&ni  conveyed  into  the  bodies  of 
..         •  animals, 
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animals,  and  by  putrefa&ion  only  difengaged  into  a 
free  feparate  ftate  :  Bat  it  was  foon  obferved,  that  the 
vegetables  ufed  for  its  produ&ion  in  nitre- works  could 
not  be  fufficient  to  afford,  of  them  felves,  the  quantities  ob- 
tained. M.  Thouvenel,  who  by  his  eflfry  on  the  formation- 
of  nitre  gained  a  prize  from  the  Academy,  made  a  great 
many  experiments  with  a  view  to  difcover  its  caufe, 
and  found  that  the  nitric  acid  was  formed  by  the  com- 
bination of  anelaftic  fluid  difengaged  from  animtl  mat- 
ters in  a  ftate  of  putrefa&ion  with  vital  air.  He  has 
alfo  ftiown  that  this  acid,  when  formed,  combines  with 
calcareous  earth,  where  nothing  but  animal  matters  is 
ufed  for  nitre  beds ;  and  that  the  ufe  of  vegetable  Tub* 
fiances  is  to  furnifh  fixed  alkali  or  pota(hy  which  is  the 
bafe  of  common  nitre.  M.  Thouvenel  had  not  deter* 
mined  the  nature  of  the  gas  which  is  difengaged  from 
animal  matters  in  a  ftate  of  putrefa&ion.  And  Mr  Ca- 
vendilh  has  fince  fhown  it  to  be  the  fame  with  that 
which,  under  the  name  of  phlogifticated  air,  atmofphe- 
ric  mephitis,  or  gas  azote,  conltitutes  one  of  the  princi- 
ples of  the  atmofphere.  By  combining  this  gas  with  vi- 
tal air,  by  means  of  the  ele&ric  fpark,  he  obtained  a 
produft  of  genuine  nitric  acid. 

Nitrate  of  potafli  is  very  liable  to  alteration  from  heat. 
When  expofed  to  the  action  of  fire  in  a  crucible,  it  foon 
liquefies — by  igneous  fufion  ;  for  though  kept  for  fome 
time  in  that  ftate,  it  does  not  become  dry  ;  and  though 
made  red  hot,  does  not  aflame  a  pulverulent  form. 
When  fuffered  to  cool,  after  being  melted,  it  congeals 
into  an  opaque  mafs  which  is  named  cryflal  mineral,  and 
is  equally  ponderous,  fufible  and  foluble  with  nitrate  of 
potafli.     The  cry ftal  mineral  of  the  apdthecaci&s  tt\s>\g* 
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is  fo  me  what  different  from  pure  melted  nitre  :  for  it 
contains  a  little  fulphateof  potafh,  produced  by  the  com* 
bullion  of  fulphur,  which,  according  to  the  Parifian 
pharmacopoeia,  is  ufed  in  the  proportion  of  a  dram  tq 
the  pound  of  niure,  in  the  preparation  of  it. 

If  nitrate  of  potafh  be  left  expofed  to  th$  action  of  "fire, 
after  being  melted,  it  will  be  of  it ielf  decomposed  and 
reduced   to  alkali.     This  operation  fucceeds  equally 
well  in  a  retort  j  and  when  performed  in  this;  manner, 
is  of  ufe  to  explain  the  decomposition  of  the  nitric  acid. 
Jn  faft,    infte?d  of  the   nitric  acid  pa  fling  off  pure, 
there  efcapes  a  large  quantity  of  an  aeriform  fluid, 
which  may  be  collected  under  w^ter,  and  is  found  to 
he  genuine  vital  air  mixed  with  gas  azote.     The  re- 
£due  of  alkali  ufyally  u^lts  the  retort  very  fpon  after 
jt  is  feparated  ;  and  when  we  wifh  to  purfue  tb&  ope- 
ration to  a  conclufion,  we  mud  ufe  a  (lone  retort  ^bich 
tfiay  be  proof  againft  its  a&ion.     Here  we  have  the 
jiitric  acid  entirely  decomposed  into  vital  air  and  gas 
.  azote  by  means  of  heat,  which  alone  is  able  to  feparate 
thefe  two  principles.     If  the  heat  be  not  continued  fo 
long,  or  made  fo  intenfe,  as  to  effeft  the  entire  decom- 
pofition  of  the  nitrate  of  potafh.  The  alkali  (till  retains  a 
certain  quantity:  of  the  nitrous  acid,  or  of  the  nitric  with 
an  excefs  of  nitrous  gas.     This  acid  may  be  difengaged 
from  it  by  vinegar.     In  this  ftate,  the  fait  is  what  we 
call  nitrite  of  pota/b,  the  nitrous  acid  being  fuperfatu- 
xated  with  gas  azote  j  in  the  fame  manner  we  called 
the  combination  of  the  fulphureous  acid  with  potato, 
Julphite  qf  potajb.     If  nitrate  of  potafh  be  aded  upoo 
by  a  very  intenfe  heat,  a  refidue  of  pure  cauftic  alkaH 
is  obtained,    Smcs  Yxsax  <fccQmpofes  nitrate  of  pofaft 
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with  fucfa  facility,  it  may  be  naturally  inferred,  that 
when  cryftal  mineral  is  prepared  by  Ample  fufion,  the 
fait  rauft  not  be  too  long  expofed  to  the  fire.  If  thi* 
precaution  be  negie&ed,  the  medicine  will  contain 
more  than  a  juft  proportion  of  potafli,  and  will  produce 
too  violent  effe&s. 

The  dccompofition  of  nitrate  of  potafli  is  attended 
with  other  phenomena,  when  it  is  expofed  to  the  ac- 
tion of  fire,  together  with  combuftible  bodies.  When 
laid  on  a  coal  it  gives  a  white  lively  flame,  attended 
with  a  kind  of  decrepitation :  this  is  called  the  detona* 
*****  °*  fufion  of  nitre :  the  fait  is  then  (aid  to  deto- 
nize  or  melt ;  and  by  this  chara&eriftic,  nitre  may  be 
at  any  time  eafily  diftinguiflied.  Stahl  thought  this 
phenomenon  to  be  owing  to  the  rapid  combination  o£ 
the  acid  of  nitre  with  phlogifton ;  and  M.  Baume  pro* 
ceeding  on  the  fame  theory,  thought  that  in  this  ope* 
ration  a  quantity  of  nitrous  fulphur  was  formed,  which 
was  inftantly  inflamed.  In  the  year  1780*  I  read  in 
the  Academy  a  Memoir,  in  which  I  have  (bown  that 
nitrate  of  potafli  is  neither  combuftible  of  itfelf  not 
yet  forms  nitrous  fulphur  when  it  detonizes ;  and  that 
this  phenomenon  is  entirely  owing  to  the  flower  or 
quicker  combuftion  of  the  combuftible  matter  neccf- 
fary  to  make  the  fait  detonize,  in  confequence  of  the 
disengagement  of  the  vital  air,  which  efcapes  in  great 
abundance  from  nitrate  of  potato  ftrongly  heated.  This 
theory  is  completely  proved :  1.  Becaufe  the  fait  ne* 
rer  detonizes  by  itfelf.  a.  Becaufe  after  its  detonation 
by  means  of  an  inflammable  matter,  this  matter  is 
found  to  be. entirely  burnt  up*  3.  Becaufe  the  greater 
the  quantity  of  the  nitrate  of  potafli  ip  proportion  x& 
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that  of  the  combuftible  matter,  the  more  complete  is  the 
combuftion  of  the  latter  fubftance.  4.  Becaufe  detona- 
tion takes  place  as  well  in  clofe  veflels  as  in  the  open  air, 
which  could  not  poffibly  happen  if  the  fait  did  not  fur- 
fiifti  vital  air.  This  aflertion  receives  the  fulled  fup- 
port  from  the  phenomena  attending  the  procefs  for 
making  the  clyffus  oF  nitre  ;  which  is  merely  a  detona- 
tion of  this  fait  with  different  combuftible  matters  in 
clofe  veffeis.  We  fliall  mention  here  only  that  which  is 
made  with  charcoal.  Two  or  three  large  receivers  fitted 
together  are  applied  to  a  retort  of  earth  or  iron,  with  an 
orifice  in  the  upper  part,  which  may  be  clofed  with  a 
cover  or  (topper.  This  veffel  is  heated  till  its  bottom 
be  made  red,  and  then  a  mixture  of  nitrate  of  potafh 
with  coal  is  put  in  by  the  orifice,  which  is  immediately 
lhut.  During  the  detonation,  th6  receivers  are  filled 
with  vapours,  part  of  which  is  condenfed  into  an  infi- 
pid  liquor,  not  at  all  acid,  but  often  alkaline.  The 
refidue  is  potafh  faturated  with  carbonic  acid  :  the 
nitric  acid  is  then  totally  decompofed,  and  a  large 
quantity*  of  gas  is  produced,  which  I  have  <:olle€led  by 
fitting  to  the  orifice  in  the  upper  part  of  the  receivers, 
either  a  bladder  or  tubes,  the  extremities  of  which  en- 
tered glafles  full  of  water.  This  gas  was  moftly  car- 
bonic acid  mixed  with  a  little  inflammable  gas  and  gas 
azote ;  the  laft  of  which  is  one  of  the  principles  of  the 
nitric  atid.  The  inflammable  gas  is  produced  in  con- 
fequence  of  the  decompofition  of  part  of  the'  water  of 
nitre  by  the  charcoal. 

The  refidue,  after  the  detonation  of  nitrate  of  pflt- 
aili  with  charcoal  in  a  crucible,  is  improperly  called 
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nitre  fixed  by  charcoal:  it  is  potafh  combined  with  car- 
bonic acid. 

Nitrate  of  potafh,  when  very  pure,  fullers  no  altera- 
tion from  the  a&ion  of  the  air* 

It  is  eafily  foluble  ;  for  three  or  four  parts  of  boiling 
water  difiblve  one  of  nitre,  and  boiling  water  dif*- 
folves  a  quantity  of  it  equal  to  twice  its  own  weight. 
It  therefore  cryftallifes  very  readily  by  cooling.  On 
its  poffe  fling  tbefe  two  properties  is  founded  the  art  of 
extracting  nitrate  of  potafh  from  plafter  or  rubbifh  con- 
tailing  it.  The  faltpetre-makers  put  the  pounded  plaf- 
ter or  rubbifh  into  a  veffel  with  a  hole  at  the  bottom, 
and  cover  it. with  afhes.  Through  this  matter  they 
pour  water ;  taking  care  to  pour  pure  water  on  rubbifh 
that  has  been  already  wafhed,  till  it  be  deprived  of  all 
the  nitrous  matter  it  contains ;  and  pouring  water  al- 
ready impregnated  with  nitre  upon  the  unwafhed  rub- 
bifh, in  order  that  it  may  be  completely  faturated. 
They  next  evaporate  the  lixivium  thus  formed  in  cop- 
per vefTels.  They  fkim  off  the  firft  pellicles,  which  are 
only  the  muriate  of  foda  or  marine  fait  contained  in  the 
rubbifh.  This  fait  they  called  grain  ;  and  by  their  re- 
gulations, they  are  obliged  to  carry  it  to  the  refining 
houfes.  When  the  water  is  evaporated  to  fuch  a  de- 
gree, that  the  refidue  when  cool  mud  become  folid, 
they  put  it  into  other  veffels  in  which  the  nitrate  of 
potafh  is  cryftailizedL  This  ialt,  which  is  very  impure 
and  dirty,  is  called  nitre  of  ibefarjl  boiling.  Some  che- 
miftshave  been  of  opinion  that  the  afhes  ufed  in  mak- 
ing fahpetre  ferved  only  to  cleanfe  the  nitrate  of  potafh 
of  certain  greafy  impurities;  and  that  opinion  appear- 
ed to  be  fupported  by  the  fad,  that  thefe  matters  con- 
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tain  hardly  any  alkali,  and  the  aflres  pf  tannarifk,  afed 
by  the  falt-petre  makers  of  Languedoc,  contain  only 
fulphate  of  foda.  But  this  fait,  as  well  as  folphate  of 
potafh,  is  as  ufeful  as  an  alkali  for  decompofing  the  cal- 
careous nitrate,  which  is  found  in  fuch  abundance  in 
plafter  and  rubbifh,  by  the  way  of  double  eledire  at- 
traction,  as  M.  Lavoifier  has  obferved  with  refped  to  the 
lixiviated  afhes  ufed  by  the  faltpetre  makers  of  Paris. 
We  fhall  fay  more  upon  this  under  the  title  of  Calcare- 
ous Nitrate* 

Nitrate  of  potafh  of  the  firlt  boiling  is  always  very 
impure.  It  contains  five  other  kinds  of  falts  befide 
pure  nitre ;  namely,  muriate  of  foda,  nitrate  of  mag- 
nefia,  calcareous  nitrate,  muriate  of  magnefia,  and  cal- 
careous muriate  ;  and  thefe  muft  be  feparated,  if  we 
wifh  to  obtain  nitrate  of  potafh  in  a  ftate  of  purity. 
The  mixture  is  purified  of  thefe  falts,  by  diffolving  it 
again  in  the  fmalleft  poffible  quantity  of  water,  and 
clarifying  this  boiling  liquor  by  means  of  bullock's 
blood,  which  carries  off  all  impurities  by  collecting 
them  on  the  furface  in  the  form  of  a  fcum.  This  lix- 
ivium is  then  evaporated,  and  by  cooling  the  refidue,  a 
nitrate  of  potafh  is  obtained,  much  purer  than  the  for* 
mer,  which  is  faid  to  be  nitre  of  the  fecand  boiling. 
Still,  however,  it  is  vitiated  by  a  certain  quantity  of 
muriate  of  foda  and  mother-water.  It  is  a  third  time 
jpurified  by  the  fame  procefs,  and  it  then  becomes 
much  purer  and  whiter;  and  is  now  nitre  oftbe  third 
boiling.  As  it  is  made  to  cryftallife  very  rapidly,  it  is 
obtained  in  large  irregular  mafles;  and  yet  in  the 
middle  of  the  veflels  there  is  formed  a  layer  of  long 
regular  cry  data,  nAu&Vvl  cdkd  nitre  inJHcks.    Nitre 
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under  thfc  laft  form  is  not  ufed  in  arfenals,  being  not  fo 
fit  for  making  good  gun-powder  as  nitre  in  large  irre- 
gular raafles  ;  becaufe  the  water  which'  entered  into  it 
.when  it  was  cryftallized  would  retard  the  combuflion 
of  the  powder. 

Cbemifts  and  apothecaries  go  on  to  purify  nitre  of 
the  third  boiling  by  new  folutions  and  crjftallizations. 
By  this  means  they  are  certain  of  at  length  obtaining 
very  pure  nitrate  of  potafh,  entirely  free  of  every  extra- 
neous mixture,  and  containing  no  muriate  with  either 
foda,  lime,  or  magnefia  for  its  bafe :  Though  thefe 
are  fcarce  ever  entirely  taken  away  where  the  opera- 
tion is  performed  in  the  great  way  *. 

Nitrate  of  potifh  appears  to  be  liable  to  fome  altera- 
tion from  filiceous  earth ;  for  by  diftilling  it  with  fand 
the  acid  is  feparated.  This  acid  comes  off  colourlefs, 
but  fome  vapours  are  diffufed  at  the  time.  The  refidue 
is  vitreous  iji  a  greater  or  a  lcfs  degree,  according  as 
there  was  a  greater  or  a  lefs  quantity  of  fand  employed, 
and  as  the  heat  was  weaker  or  more  intenfe.  Sand  ap- 
pears to  decompofe  nitrate  of  potafh  by  its  tendency  to 
combine  with  its  alkaline  bafe :  for  when  nitre  is  dif- 

tilled, 

*  There  it  no  more  extraordinary  natural  or  chemical  fact  than  the 
the  prodo&ion  of  fix  fpeciet  of  (alt,  in  the  rubbifh  of  old  houfes,  each 
of  the  alkaline  bales  being  con&antly  united  with  a  peculiar  acid.  Pot- 
aid  is  always  united  with  the  nitric  acid,  and  foda  is  always  combined 
with  the  muriatic.  There  would  Urea  to  be  fome  particular  relations 
between  thole  different  kinds  of  primary  (kits,  in  coniequencc  of  which 
they  mutually  fele&each  other;  for  why  is  there  no  muriate  of  potafh 
or  nitrate  of  foda?  The  fame  thing  might  be  obferved  of  the  earthy 
bits:  in  fad,  there  is  much  more  muriate  of  magnefia  and  calcareous 
nitrate,  than  nitrate  of  magnefia  or  calcareous  muriate:  and  this  (hows 
magnefia  to  have  a  peculiar  affinity  with  ihcmumuc*  %b&Ytf&&  ^wvOx 
iW  ahrfc  acid.—F. 
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tilled,  without  any  intermediate  body  being  ufcd,  the* . 
is  no  nitrous  acid,  but  a  mixture  of  vital  air  with  gas 
azote,  obtained.  The  reafon  of  this  I  take  to  be,  that 
when  nitre  of  potafh  is  diftilled  without  an  intermedium, 
the  alkali  reads  on  the  acid,  and  contributes,  to  its  de- 
compofition ;  whereas,  when  this  fait  is  heated  with  a 
mixture  of  fand,  the  fand,  by  its  tendency  to  form  glaft 
by  combining  with  the  potafh,  prevents  the  alkali  from 
reading  on  the  acid,  which  therefore  efcapes  unaltered. 
Argillaceous  earths  like  wife  decompofe  nitre.  Co- 
loured clay  is  generally  made  ufe  of  for  this  purpofe* 
The  difiillers  of  aquafortis  in  Paris  make  ufe  of  an 
earth  of  this  kind.  Into  earthen  retorts,  of  a  peculiar 
form,  called  cuines,  they  put  into  each  two  pounds  of 
nitre,  of  the  fecond  boiling,  with  fix  pounds  of  colour* 
ed  clay  of  Gentilly  :  the  retorts  are  arranged  one  be- 
fide  another,  in  long  furnaces  known  by  the  name  of 
galleries ;  and  the  neck  of  each  retort  enters  a  bottle 
of  the  fame  form,  ferving  as  a  receiver.  By  this  means 
they  obtain  at  firft  a  tranfparent  liquor,  fomewhat  acid, 
which  they  call  phlegm  of  aquafortis,  and  afterwards 
the  acid  gradually  more  and  more  concentrated.  The 
refidue  is  a  very  hard,  red,  earthy  fubftance,  which 
ferves  for  making  a  kind  of  mortar.  But  this  experi- 
ment by  no  means  proves  that  clay  decompofes  nitre 
of  potafh: — For,  i.  The  nitre  ufed  by  the  difiillers  is 
very  impure,  containing  a  great  deal  of  earthy  nitre: 
2.  The  clay  which  they  make  ufe  of  is  of  a  very  com- 
pound nature,  often  containing  a  great  quantity  of  py- 
rites, the  fulphuric  acid  of  which  may  poiubly  decom- 
pofe the  nitre.  In  order  that  this  decompoikicn  may 
determine  tbe  £a&  iw  c^u^ftiont  it  fhould  be  made  with 

white 
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white  clay,  or  rather  with  alumine.  As  this  earth  has 
not  fo  great  a  tendency  as  fand  to  unite  with  the  alkali 
and  does  not  form  glafs  by  combining  with  this  fait,  it 
does  not  feem  capable  of  effc&ing  fo  complete  a  decom* 
pofition  of  nitre  of  potafh  as  fand  produces.  M.  Baume, 
however,  fays,  that  he  obtained  the  acid  of  nitre  of  pot- 
afh by  the  addition  of  porcelain  and  clay  baked  in  ft  one- 
ware :  but  he  thinks  that  the  decompofition  of  the  fait 
was  owing  to  the  acid  contained  in  the  clays. 

Barytes  decompofes  nitre  of  potafh,  and  feparates  the 
alkali.  Bergman,  in  his  table  of  affinities,  places  this 
falino-  terrene  fubftance  before  the  alkalis,  and  immedi- 
ately after  the* nitric  acid. 

Magnefia,  lime,  and  the  alkalis,  ad  not  upon  nitre. 
But  the  acids  ad  in  a  very  diflinft  manner  on  this  fait, 
particularly  the  fulphuric  acid,  which  has  really  a 
greater  affinity  than  the  nitric  acid  with  the  alkalis. 
When  a  quantity  of  concentrated  fulphuric  acid  is  pour- 
ed on  a  quantify  Qf  dry  nitre  of  potafh,  a  confiderable 
effcrvefcence  is  produced,  and  red  vapours  are  feen  to 
arife,  which  are  actually  nitrous  acid.  By  performing 
this  operation  in  a  receiver  with  the  retort  fitted  to  it, 
we  may  colled  this  acid  r  it  is  known  by  the  name  of 
Jpirit  of  nitre.  This  operation  is  called  in  the  labora- 
tories, the  dijlillation  of  the  Jpirit  of  nitre  in  Glauber's 
*vay\  becaufe  Glauber  was  the  firlt  who  gave  a  plain 
intelligible  defcription  of  it.  The  receiver  ufed  in  this 
operation  muft  be  perforated  with  a  lmall  hole,  to  give 
vent  to  the  vapours  of  the  nitrous  acid.  It  was  remark- 
ed, that  there  was  much  difficulty  in  condenfing  thefe 
vapours,  and  that  the  procefs  was  liable  to  two  acci- 
dents.    The  firft  was,  the  lofs  of  no  finall  portion  of  the 
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fpirit  of  nitre  which  e leaped  through  the  orifice  of  the 
veflel :  the  fecond,  the  danger  to  which  the  operator 
was  expofed  from  fuch  extremely  acrid  and  corrofive 
vapours.    This  procefs  was  therefore  very   defedive. 
Mr  Woulfe,  an  ingenious  Englifh  chemift,  has  found 
means  to  obviate  thefe  inconveniences.     Inftead  of  uf- 
ing  a  receiver  perforated  with  a  little  hole,  be  has  t- 
dopted  one  with  two  necks.    Into  the  extremity  of  this 
veflel,  which  is  far  the  ft  from  the  receiver,  he  puts  t 
tube,  one  end  of  which  being  in  an  horizontal  petition, 
makes  a  right  angle  with  the  other,  which  is  vertical 
and  inferted  into  a  bottle.    This  bottle  has    in  ill 
fides  two  orifices;    each   of  thefe  receives  a  fyphoa 
which  paffes  into  another  bottle  (landing  befide  the 
firft.     The  two  collateral  bottles  are  joined  by  means 
of  a  fyphon  with  two  others,  of  which  the  lateral  a* 
pertures  remain  open.    The  firft  bottle  generally  re* 
mains  empty :  the  collateral  bottles  contain  a  quan- 
tity of  water,  in  which  the  lower  and  longed  extre- 
mity of  the  tube  which  communicates  between  tb€ 
two,  is  immerfed :  the  upper  part  of  the  bottles  remains 
empty  ;  and  the  acid  vapour  is  coodu&ed  by  the  tubes 
through  the  bottles.     By  the  ufe  of  this  ingenious  ap» 
paratus,  the  artift  is  fecured  from  all  danger,  and  no- 
thing is  loft.     The  nitrous  acid  in  vapour  paffes  through 
the  retort  into  the  firft  bottles,  and  is  there  condenfedj 
and  what  is  not  condenfed  in  the  firft  pafies  into  the 
fecond  bottles,  and  there  unites  with  the  water.    From 
the  lateral  apertures  of  the  laft  bottles,  there  efcapes  a 
certain  quantity  of  vital  air,  which  may  be  received 
into  proper  glaffes.     This  apparatus,  as  here  defcribed, 

poffefles  out  a&NaTY\^<t  ^tthy  of  our  notice :  When 
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the  retort  is  left  to  cool  at  the  end  of  the  operation,  a 
vacuum  k  produced  in  the  veflels,  and  the  external 
air  preifing  on  the  water  in  the  outer  bottles  (landing 
open,  forces  it  through  the  fyphons  into  the  inner  col- 
lateral bottles ;  and  from  thefe  again  it  pafles  into  the 
middle  bottle  ftandiog  neareft  to  the  retort.  If  the 
firft  bottle  were  not  empty,  or  not  large  enough  to  con- 
tain all  the  water  from  the  others,  the  acid  liquors 
would  pafs  into  the  receiver :  and  as  the  ftrongeft  ni- 
trous acid  i9  contained  in  that  veflel,  it  would  be  mix- 
ed with  the  liquors  from  the  bottles,  and  therefore 
.would  not  pcflefs  the  required  ftrength.  This  circum- 
stance would  be  ftill  more  inconvenient  in  other  in- 
fiances  of  diftiUation,  of  which  we  are  hereafter  to 
(peak ;  becaufe  it  would  not  fimply  weaken  the  ftrength 
pf  the  produft,  but  would  even  alter  its  purity. 

In  performing  this  operation  in  a  laboratory,  four 
pounds  of  pure  nitrate  of  potafh,  melted  into  cryftal- 
jnineral,  are  put  into  a  tubulated  (tone  retort,  placed  in 
9  reverberating  furnace ;  or  tubulated  glafs  retorts  may 
be  ufed  in  a  fand-bath.  Two  pounds  and  an  half  of 
concentrated  lulphuric  acid  are  poured  in  at  once 
through  the  aperture,  and  it  is  then  (but.  The  appa- 
ratus above  defcribed,  which  we  fuppofe  to  have  been 
prepared  and  put  together  on  the  preceding  evening,  is 
to  be  inftantly  applied  and  luted  to  the  retort;  it  is 
next  to  be  gradually  heated  till  nothing  more  comes 
over.  The  difengagement  of  the  gas,  and  its  paflage 
into  the  bottles,  ferve  to  direft  the  operator  in  con- 
cluding the  procefs.  If  the  gas  appear  to  be  difengaged 
with  too  much  rapidity,  the  heat  .'  then  too  violent, 
and  Jnuft  be  diminilhed,  otherwife  the  whole  mafe  uv 
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the  retort  will  fwell  up  and  pafs  into  the  receiver:  But 
again,  if  it  pafs  too  (lowly,  the  fire  mult  be  increafed  to 
prevent  the  abforption  of  the  gas.  This  apparatus  is 
therefore  happily  formed  tojdiredt  the  artift  in  the  ma- 
nagement of  his  procefs. 

The  refidue,  after  this  dccompofition,  is  fulphate  of 
potafti,  formed  by  the  union  of  the  fulphuric  acid  with 
the  alkaline  bafe  of  nitre.  This  refidue  is  known  in 
pharmacy  under  the  name  offal  dc  duobus,  or  arcanum 
duplication:  It  is  ufually  a  white  opaque  mafs,  half 
vitrified,  and  filled  with  cavities  produced  in  it  when 
it  was  fwelled  by  the  heat.  This  fait  is  (Irongly  acid, 
on  account  of  the  quantity  of  fulphuric  acid  made  ufe 
of  in  producing  it ;  and  it  is  the  excefs  of  the  acid 
which  caufes  the  fait  to  melt,  as  we  have  feen  under 
the  hiftory  of  fulphate  of  potaih.  The  nirrous  acid 
obtained  by  this  procefs  is  very  red  and  fuming,  be- 
caufe  the  intenfe  heat  employed  in  the  diftillation  dif- 
engages  a  portion  of  vital  air.  As  it  is  always  mixed 
with  a  certain  quantity  of  fulphuric  acid,  it  is  to  be 
re&ified  by  a  new  procefs  of  diftillation  on  a  quan- 
tity of  nitre  equal  to  one-fourth  of  its  own  weight. 
We  mud  likewife  obferve,  that  the  nitre  made  ufe  of 
on  this  occafion  mud  be  very  pure,  in  order  to  afford 
nitrous  acid  in  fuch  a  (late  that  we  may  depend  upon 
its  effeds,  That  which  is  obtained  from  nitre  of  the 
fecond  boiling,  contains  muriatic  acid,  and  ads  with 
the  folvcnt  power  of  aqua  regia.  This  acid  may  be 
purified  of  the  muriatic  acid  which  it  contains  by  a 
diftillation  judicioufly  managed  ;  as  is  fhown  by  Meffis 
de  Lafibne  and  Cornette  {Mem.  Acad.  i/8i>  p.  653  to 

656). 
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The  concrete  boracjc  acid  decompofes  nitre  with  the 
help  of  heat,  difengaging  from  it  the  nitric  acid  in  a 
concentrated  ftate.  It  appears  to  effed  this  decompo- 
fition  by  means  of  its  fixity ;  which  is  the  opinion  of 
the  academicians  of  Dijon.  Yet  it  mud  alfo  be  afcrib- 
ed  in  part  to  the  mutual  actra&ion  between  the  bora- 
cic  acid  and  the  potafh  bafe  of  nitre. 

Nitre  of  potafh  is  much  ufed  in  the  arts.  It  is  the 
principal  ingredient  in  gun-powder ;  of  which  corapo- 
fition  we  (hall  have  occafion  to  fpeak  under  the  article 
of  fulphur.  When  burnt  with  various  proportions  of 
tartar,  it  forms  the  melting  matters  called  Jluxts,  which 
are  ufed  in  the  allaying  of  metals  for  melting  and  re- 
ducing metallic  fubftances,  &c.  &c. 
.  It  is  often  ufed  in  medicine  as  a  quieting,  cooling, 
refrefhing,  diuretic,  antifeptic  medicine,  &c.  It  is  gi- 
ven in  any  kind  of  drink,  in  dofes  of — from  ten  or 
twelve  grains  to  half  a  dram  and  more.  Phyficians 
have  daily  inftances  of  its  good  effects  *. 

Species 

*  Since  nitre  is  a  compound  of  potafh  with  azote  and  oxigene,  all 
matters  affording  thefe  three  fubftances,  will,  of  courfe  contribute  to 
its  formation;  animal  matters,  by  furnifhing  azote;  vegetables,  as 
yielding  potafh  ;  the  air,  at  fupplying  oxigenc.  It  efflorefecs  on  the 
forface  of  uncultivated  grounds.  It  is  formed  on  the  pafture  grounds 
of  cattle.  It  is  difperfed  even  in  the  duft  of  the  roads  of  Spain. 
Chdhuts  fupply  a  material  for  its  formation.  M.  Virengue  has 
found,  that  it  is  produced  in  all  extracts  capable  of  fermentation, 
*The  diftilLtion  of  nitrate  of  potafh,  affords  1 2000  cubic  inches  of  oxi- 
genc, for  each  lib.  of  the  fait :  7  parts  of  water,  difTolve  1  part  of 
9Hre  at  60°  Fahrenheit :  and  boiling  water  difiolvcs  a  quantity  equal 
to  itfclf  in  weight.  100  grajns  of  the  trrylUIs  cf  nitre  contain  30  aciJ> 
63  alkali,  and  7  water. — H. 
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Species  IV.    Nitrate  of  Soda. 

Nitrate  of  foda,  which  bat  been  called  cubic  >  qua* 
it angular,  and  rbomboidal  nitre ^  is  a  perfeft  neutral  fait, 
refulting  from  a  fat u rated  combination  of  the  nitric  acid 
with  foda. 

This  fait  generally  appears  in  pretty  large  and  very 
regular  rbomboidal  cryftals.  The  name  of  rhomboid*! 
nitre  defcribes  it  better  than  that  of  eubk  nitre. 

Its  tafte  is  frefb,  and  rather  more  bitter  than  that  of 
nitre  of  potafh. 

Fire  decompofes  this  as  well  as  the  preceding  &k; 
but  it  decrepitates,  and  docs  not  melt  fo  eafily  as  tho 
other.  It  affords  a  mixture  of  vital  air  with  gas  azotff 
with  an  alkaline  refidue  like  nitre  of  potaflu 

It  is  rather  more  fubjeft  than  nitre  of  potafh  to  al- 
teration from  the  air,  and  attra&s  moifture,  though  not 
with  much  force. 

It  diflblves  in  cold  water  even  more  readily  than  the 
former  fait;  for  two  parts  of  water,  at  the  ordinary 
temperature  of  6o°,  are  fufficient  to  diflblve  one  part 
of  nitrate  of  foda.     Boiling  water  fcarce  diflblves  it  in 
a  greater  proportion  :  and  therefore,  when  we  wiih  to 
obtain  it  in  regular  cryftals,  the  folution  muft  be  Cow- 
ly  evaporated,    if  a  tolerably  clear  lixivium  of  this 
fait  be  fet  afide  in  a  dry  place,— at  the  end  of  fome 
months  it  is  found  to  contain  rbomboidal  cryftals,  fix 
or  eight  lines,  and  fometimes  near  an  inch  long.    This 
is  ufually  the  happieft  procefs  for  cryftallifing  (alts  that 
are  as  lbiuble'in  cold  as  in  warm  waters. 
Nitre  o£  Coda,  detoniws  on  burning  coals,  and  ia* 
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flames  any  combuftible  body  heated  along  with  it,— 
rather  more  flowly  than  nitre  of  potafh. 

Siliceous  earth  difengages  the  nitric  acid,  and  unites 
with  its  btfe  to  form  glafs.  Clay  alfo  feparates  the 
acid,  giving  as  a  refidue  a  kind  of  frit,  which  becomes 
porous  and  opaque  after  being  expofed  to  a  ftrong 
beat. 

Barytes  .decomposes  it,  and  leaves  the  foda  pure. 
Magnefia  and  lime  produce  no  fenfiWe  alteration 
upon  it. 

Potafh  having  mope  affinity  than  rhe  bafe  of  this  fait 
with  the  nitric  acid,  attraAs  k  to  itfelf,  and  forms- with 
it  nitre  of  potato.  We  obtain  convi&ron  of  the  troth 
of  this  <ad  by  a  very  fimple  experiment.  If  a  boiling 
Saturated  folution  of  nitre  of  foda  be  divided  into  two 
portions,  and  into  one  of  thefe  there  be  thrown  a  quan* 
tky  of  cauftic  potafh,  the  portion  which  received  this 
addition  will  depofite,  when  it  cools,  prifmatic  cry  ft  a  Is 
«f  nitre  of  potafe ;  while  the  other  into  which  there 
was  no  potafh  put,  will  exhibit  no  cryftals  at  all,  be- 
caofe  nitre  of  foda  cry ftalliies  only  by  a  very  flow  eva- 
poration.   - 

If  concentrated  fulpburic  acid  be  poured  upon  ni- 
trate of  feda,  it  will  difengage  the  nitrous  acid  with 
effervefcence.  Nitric  acid  is  obtained  by  a  dift illa- 
tion of  this  mixture,  as  well  as  from  nitre  of  pot  a  flu 
The  other  mineral  acids  ad  no  more  on  this  fait  than 
on  the  foregoing. 

The  neutral  falts  which  has  been  already  examin- 
ed, fulphate  of  potafh  and  foda,  and  nitrate  of  potafh, 
prcduce  no  alteration  on  nitrate  of  foda.     When  thefe  - 
falts  are  all  diflblved  in  the  fame  water,  they  cryftal- 
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lize  feparately,  each  in  its  ordinary  way :  Nitrate  of 
potafh  and  fulphate  of  foda,  by  cooling ;  fulphate  of 
potafti  and  nitre  of  foda,  by  evaporation.  From  all 
thefe  properties  it  appears,  that  nitrate  of  foda  dif- 
fers from  nitrate  of  potafh  only  in  its  form,  its  tafte, 
its  flight  tendency  to  deliquipte,  its  being  of  eafier  fo- 
lution,  its  cryftallifing  by  evaporation,  and  chiefly  by 
lis  fufceptibility  of  decompofitjon  by  potafh. 

Nitrate  of  foda  has  not  been  yet  found  in  nature. 
It  is  always  a  product  of  art,  and  is  formed  in  the  five 
following  ways:  i.  By  the  diced  combination  of  the 
picric  acid  with  foda.  a.  By  decompofiog  with  this 
plkali,  earthy  nitrates,  ammoniacal  nitrate,  and  metal- 
lic nitrates.  ^  By  decompofing  muriate  of  foda  with 
jthe  nitric  acid  for  an  intermedium.  4.  By .  decompos- 
ing fulphate  of  foda  by  the  fuming  fpirit  of  nitre.  5. 
By.  ckcompofing  fuch  nitrous  fqlutiops  of  metaJLs  as  are 
iuiigeptible  of  it, .  wit,h  muriate  of  foda :  In  this  ioftance, 
in  proportion, as  the  muriatic  acid  combines  with  the 
metal,  feparating  from  it  the  nitric  acid,  the  feparated 
acid  combines  /with. the  fod^ft  which  has.alfo  deferted 
the  acid  with  which  it  was  before  united.  All  thefe 
decompofuions  will  be  particularly  defcribed  in  the 
^efpedive  hiltories  of  the  falts  which .  are  liable  to 
tjhem. 

*  ■ 

Nitrat^  of  foda  might  be. employed  for  the  fame  pur- 
pofes  as  nitrate  of  potafli.  But  as  it  does  not  produce 
all  the  effects  of  that  fait,  doubtlefs  on  account  of  its 
having  a  greater  affinity  with  water,  it  is  not  made  ufe 
of  in  the  arts.  Belides,  as  it  is  not  found  in  nature, 
but  is  merely  a  produd  of  art,  no  attempt  has  been 
made  to  apply  it  to  any  particular  ufe.     A  fufScient 

number 
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number  of  experiments  has  not  yet  been  made  on  this 
fait  to  make  us  acquainted  with  all  its  properties  #. 

Species  V.     Muriate  of  Potajh. 

Muriate  of  potafh,  which  was  formerly  called  fc- 
hrifuge  fait  of  Sylvius,  is  a  faturated  combination  of  the 
muriatic  acid  with  potaih.  It  has  been  improperly 
named  regenerated  marine  fait;  for  the  nature  of  its 
bafe  renders  it  different  from  that  fait.  Its  cryftals  are 
cubic,  but  always  of  a  confufed  appearance,  and  ra- 
ther an  irregular  form.  Its  tafte  is  faline,  pungent,  bit- 
ter, and  difagreeable-  When  expofed  to  fire,  it  de- 
crepitates ;  that  is  to  fay,  its  cryftals  break  into  fmall 
pieces ;  which  is  occafioned  by  the  fudden  rarefaction 
of  the  water  which  enters  into  their  compofition.  If 
fuffered  to  remain  in  the  fire  after  decrepitation,  it 
melts  and  is  volatilifed,  but  not  decompofed.  It  may 
be  ufed  as  a  flux  for  earths  and  metallic  fubftances. 
Its  chief  ufe  in  fuch  cafes  is  to  cover  the  matters  to  be 
melted,  and  by  this  means  fix  the  a&ion  of  other 
fluxes  employed,  hindering  them  from  becoming  vo- 
latile, and  preventing  fuch  alterations  as  might  be  oc- 
cafioned by  the  accefs  of  air. 

Muriate  of  potafh  is  fubjed  to  little  alteration  from 
the  air,  as  it  fcarce  attrads  moifture. 
.  About  three  parts  of  cold  water  are  neceflary  to 
maintain  in  lolution  one  of  this  fait ;  nor  has  hot  wa- 
ter any  greater  power  of  difTolving  it.  For  this  reafoa 
a  flow  evaporation  is  ufed,  to  give  it  in  cryftals.     It  is 
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one  of  thofe  faits  which  it  is  very  difficult  to  obtain  in 
regular  cryftals  of  a  certain  fize. 

Clay  feems  to  decompofe  it  in  part:  for  muriatic 
acid  may  be  obtained  by  diftilling  this  fait  with  the 
clays  in  the  neighbourhood  of  Paris-  That  operation 
indeed  affords  but  a  fmall  quantity  of  the  acid,  and  its 
refult  is  very  different  from  that  which  nitrate  of  potaflb 
affords.  Sand  is  alfo  known  to  ad  in  the  fame  manner 
as  clay  on  muriate  of  potafh. 

Barytes,  according  to  Bergman,  feizes  the  acid,  leav- 
ing the  potafh  in  a  feparate  ftate.  Magnefia  and  lime 
produce  no  alteration  on  this  fait. 

The  fulphuric  and  the  nitric  acids  difengage  the 
muriatic  with  effervefcence  *.  This  phenomenon  is 
the  more  ftriking,  if  the  potato  be  dry.  Muriate  of 
potafh,  after  decrepitating,  and  lofing  the  water  of  its 
cryftals,  gives  a  very  xonfiderable  effervefcence  with 
the  concentrated  fulphuric  acid,  and  the  mixture  be- 
comes very  warm.  Where  thefe  decompofitions  are 
performed  in  retorts,  muriatic  acid  pafles  into  the  re- 

ceiver, 

*  We  have  already  obferved,  when  fpeaking  of  the  decompofitiot 
fcf  nitre  of  potafh  by  the  concentrated  fulphuric  acid,  that  the  nil  row 
acid  is  then  difengaged  with  a  lively  t&rvefcence.  We  find  the  st- 
riatic acid  exhibiting  the  fame -phenomenon  ;  in  a  much  more  eminent 
degree  indeed,  becaufe  this  acid  has  a  very  ftrong  tendency  to  iffamt 
the  gafeous  ft  ate.  This  is  the  general  caufe  of  all  effervefcences,  obe 
nature  and  distinctions  of  which  have,  till  of  late,  been  but  very  imper- 
fectly known.  It  was  formerly  thought  that  they  were  owing  to  the 
difengagement  of  air  :  we  now  know  them  to  be  produced,  not  bytir, 
hut  by  all  bodies  which  have  any  tendency  to  the  (late  of  aeriform  se- 
gregation ;  and  thus  we  have  (hown,  that  the  ebullition  of  water  wf 
be  confidered  as  a  fort  of  effervefcence.  As  this  truth  needs  to  be 
frequently  repeated,  in  order  that  it  may  become  generally  koowa,  v* 
ft  all  take  occaXvon  to  itcwc  \o  \V  forcral  times  when  treating  of  the  & 
**icnt  ncuiral  U\u  y&\c\*  ^AtfcvV  <&  ta^fbY&v\**V^*R\4&*-.F. 
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ceiver,  and  the  refidue  in  the  retort  is  found  to  be 
fulphate  of  potafh, — if  the  fulphuric  acid  was  employ- 
ed to  effect  the  decompofition  ;  but  if  the  nitric  acid 
was  ufed,  aqua  regia  is  obtained  in  the  receiver,  and 
the  refidue  is  nitre  of  potafh.  The  boracic  acid  likewife 
decompofes  muriate  of  potalh  by  diftillation,  difengag- 
ing  the  muriatic  acid.  As  all  of  thefe  operations  are 
done  with  muriate  of  foda  or  marine  fait,  we  (hall  give 
a  more  particular  account  of  them  under  that  article. 
Neither  the  fluoric  nor  the  carbonic  acid  ads  in  any  way 
on  muriated  potafh. 

Neither  fulphate  nor  nitrate  of  potafh  or  foda  a&s 
upon  this  fait.  When  all  are  diflblved  in  the  fame  wa- 
ter, each  of  them  is  cryftallifed  feparately  and  in  its  own 
way. 

Muriate  of  potafh  is  frequently  met  with  in  nature  ; 
but  never  much  of  it  together.  It  is  found  in  fea  wa- 
ter, and  in  the  water  of  fait  fprings;  fometimes,  though 
not  often  indeed,  it  is  met  with  in  the  fame  places 
where  nitre  of  potafh  is  found  ;  it  is  alfo  found  in  afhes 
of  vegetables,  and  in  fome  animal  humours.  Art  pro- 
duces ir,  i.  By  a  dired  combination  of  the  muria- 
tic acid  with  potafh ;  a.  By  decompofing  earthy,  am- 
moniacal,  or  metallic  muriates  by  the  fame  alkali ; 
3»  By  decompofing  fulphate  or  nitrate  of  potafh,  by 
rotans  of  the  muriatic  acid,  as  M.  Coraette  has 
fhown. 

This  neutral  fait  was  formerly  adminiflered  as  an  ex- 
cellent febrifuge.  Butitpofiefles  notthis  property  other- 
?yi£e  than  in  common  with  all  bitter  falts.  Sulphate  of 
potafh  or  foda  is  now  preferred  to  it. 

Muriate  of  potafh  is  applied  to  no  ufe  in  the  axt*% 

E  c  3  \xx 


438  Salts. 

Its  difagrccable  tafte  hinders  it  from  being  ufed,  like 
muriate  of  foda,  for  feafoning.  But  it  has  all  the  che- 
mical properties  of  that  fait ;  and  the  only  difference 
between  them  is,  that  muriate  of  potafh  has  a  bitter 
tafte,  is  more  difficult  of  folution,  is  unalterable  by  the 
air,  and  is  irregularly  cryftallifed.  We  fhall  therefore 
infift  no  more  upon  its  hiftory  •. 

Species  Vf.     Muriate  of  Soda. 

Muriate  of  foda,  better  known  under  the  name  of 
culinary  or  common  fait,  is  a  perfed  neutral  fait,  formed 
by  a  faturated  combination  of  the  muriatic  acid  with 
foda.  The  reader  will  perceive  that  the  nomenclature 
which  we  have  hitherto  ufed,  renders  a  definition  of 
the  nature  of  thefe  neutral  falts  almoft  unnecefiary  ;  as 
the  name  of  each  is  expreflive  of  its  nature. 

This  fait  abounds  in  nature  more  than  any  other  fpe- 
cies.  It  is  found  in  vaft  mafles  in  the  interior  parts  of 
the  earth,  in  Spain,  Calabria,  Hungary,  and  Mufcovy, 
but  more  efpecially  at  Wieliezka  in  Poland,  near  the 
Crapack  mountains  f .     In  the  laft  of  thefe  places  the 

mines 

*  ioo  grains  of  muriate  of  potafh,  contain  29168  acid,  63,47  alka- 
li, and  6,85  water. — H. 

f  It  is  found  alfo  in  Switzerland  and  Tyrol,  and  at  Northwich  ia 
Chefhirc  in  England :  and  it  has  been  inferred  from  the  exiftcnce  of  tht 
fait  fprings  in  Lorraine  and  Franc  he- C omit ;  that  there  are  fait  miort 
in  the  bowels  of  the  earth,  in  thefe  diftrids  of  the  French  territory.— 
Strata  of  foflil  fait  probably  owe  their  origin  to  the  natural  deficcatioo 
of  lakes  of  fait  water,  or  from  the  precipitation  of  the  fait,  by  a  natu- 
ral procefs  in  fuc\\  Uk.es.  For  a  good  account  of  the  manner  of  work- 
ins"  fait  mines,  See  Memo'ire  Jur  U  %«\  Mann*  $ar  M.  Haffenfrait; 
la  de  Chimie,  torn.  "XI.  ^  fc  V"""^ 
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mines  are  of  vaft  extent,  and  the  muriate  of  foda  is  found 
in  prodigious  mafies.  This  fait,  as  it  exifts  in  the  earth, 
is  generally  irregular,  and  feldom  cryftallifed  j  it  is 
ufually  more  or  lefs  white,  but  fome times  coloured  :  in 
this  ftate  it  is  called  faUgem%  having  often  the  tranfpa- 
rency  of  the  cryftals  known  under  that  name.  The 
waters  of  the  fea,  as  well  as  of  fome  lakes  and  rivers, 
contain  this  fait.  From  thefe  waters  it  is  obtained  by 
four  general  procefles. 

The  firft  is  fpontaneous  evaporation  by  the  heat  of 
the  fun.  This  method  is  ufed  in  our  fouthern  provin- 
ces, in  Languedoc,  at  Pcyrac,  Pecais,  &c.  Trenches 
are  cut  on  the  fea  Aiore,  and  very  compactly  lined  with 
clay :  within  thefe  trenches  little  walls  are  built,  di- 
viding them  into  certain  compartments,  yet  leaving  a 
general  communication.  When  the  tide  flows,  the 
trenches  are  filled  with  water,  which  is  retained  in  them 
by  the  walls  forming  a  kind  of  fluice-gates.  Care  is 
taken  that  the  layer  of  water  retained  be  tbin  enough 
to  be  readily  evaporated  by  the  rays  of  the  fun.  As 
foon  as  a  faline  pellicle  is  formed,  it  is  broken,  and  the 
fragments  fall  to  the  bottom  ;  and  the  fame  procefs  is 
repeated  till  the  water  be  entirely  evaporated.     The 

fait  is  then  gathered  with  rakes,  and  laid  in  heaps  to  dry. 
This  fait  contains  a  mixture  of  all  the  other  falts  that 
exift  in  a  ftate  of  folution  in  fea-water,  fuch  as  fulphate 
of  foda  and  magnefia,  muriate  of  magnefia  and  lime  : 
it  is  alfo  contaminated  with  a  portion  of  clay  from  the 
bottom  of  the  trench  :  and,  lailly,  fmall  globules  of 
iron  and  mercury  are  found  in  it.  The  exillence  of  the 
.latter  in  it  may  be  eafily  fhown  by  leaving  a  fmall  piece 

of  gold  among  the  fait  for  fome  time  :  it  becomes  evi- 
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dently  whiten  This  felt  being  very  impure,  is-  known 
under  the  name  of  Jel  dc  gabelle* 

In  the  northern  provinces  of  France,  in  Normandy 
and  Brittany,  this  fait  is  prepared  by  an  artificial  eva- 
poration by  fire.  In  A v ranches  they  take  the  quickfands 
^among  which  the  fea  water  has  depofited  faline  cry ftals, 
and  wafh  them  in  the  fmalleft  quantity  poflible  of  fea 
water,  in  order  that  no  more  may  be  ufed  than  what  is 
ncceflary  to  diflblve  the  fait  :  This  fait  water  k  then 
put  into  lead  veflfels,  and  evaporated  to  drynefs.  This 
(alt  is  very  white,  and  purer  than  that  prepared  by  eva- 
poration in  trenches.  Guettard  has  given  a  careful  def- 
cription  of  the  whole  procefs  in  the  Memoirs  of  the  Aca- 
demy for  the  year  1758. 

In  Lorraine  and  Franche*Comte  there  are  many  fait 
fprings.  The  quantities  of  muriate  of  fbda  which 
thofe  fprings  contain  in  proportion  to  the  quantity  of 
water  are  various.  At  Montmorot,  in  the  laft  of  thefe 
provinces,  both  fpontaneous  evaporation  and  evapo- 
ration by  fire  are  ufed  in  the  preparation  of  tbis  fait. 
For  that  purpofe,  the  well-water  is  conveyed  by  pumps 
into  a  large  refervoir  placed  at  the  top  of  a  (bed  of  a 
peculiar  conftru&ion.  Under  this  (bed  are  fufpend- 
ed  boards  covered  with  little  faggots  of  thorns.  The 
water  falling  upon  thefe  faggots  through  fmall  cocks, 
is  divided  into  very  minute  drops  :  and  as  it  thus 
expofes  a  great  deal  of  furface  to  the  air  circulating 
rapidly  under  the  fhed,  nearly  two-thirds  of  it  is 
evaporated.  What  is  depofited  on  the  faggots  is  ful- 
phate  of  hme  or  felenite.  And  when  the  liquor,  upon 
trial  with  an  inftrument  for  the  purpofe,  is  found  to  be 
charged  with  faU  to  a  certain  degree,  it  is  conveyed 

into 
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into  large  iron  boilers  fupportcd  by  bars  of  the  fame 
metal,  which  crofs  the  bottoms  of  the  veffels,  and  reft 
on  pieces  of  wood  placed  on  each  fide.     Tbeie  boilers 
which  are  called^wx,  are  very  large  and  (hallow,  and 
hold  an  hundred  hogfheads  *  of  the  fait  water.     They 
are  then  urged  with  a  ftrong  fire.     When  the  water 
boils  up  in  large  bubbles,  it  is  at  firft  muddy,  and  fooa 
depofites  an  ochreous  earth  on  its  furface  in  the  form  of 
a  fcum.     A  fait,  which  is  fcarcely  foluble,  and  is  called 
by  the  workmen  Jcblot,  is  next  fe  para  ted  ;  This  felt  is 
nothing  but  fulphate  of  lime-mixed  with  a  little  muriate 
offbda,  fulphate  of  ibda,  and  earthy  muriates.     It  is 
conveyed  by  the  circulation  of  the  boiling  liquor  into 
little  troughs  placed  round  the  fides  of  the  boilers  for 
the  purpofe.     Thefe  troughs  are  taken  out,  and  cleared 
from  time  to  time,  till  a  great  quantity  of  fmall  cubical 
cryftals  called  by  the  workmen  puds  de  moucbes,  are 
obferved  floating  on  the  furface  of  the  liquor.     They 
are  then  taken  away  for  the  laft  time.     The  fire  is  di- 
minifhed,  and  the  -muriate  of  ibda  is  taken  off  with  la- 
dles as  fall  as  it  is  cryftallized.     The  evaporation  is 
thus  continued  as  long  as  the  water  continues  to  afford 
cryftals.     The  fait  thus  obtained  is  in  larger  or  fmaller 
cryftals,  according  to  the  ftownefs  or  rapidity  of  the  e- 
vaporation.     The  water  which  remains  when  cryftals 
are  no  longer  obtained,  is  called  mother  water,  and  con- 
tains earthy  muriates  f . 

Wallerius 

*  Mmds9  containing  each  380  French  pints. 

-J-  There  is  a  neutral  fait  prepared  at  Montmorot,  known  under  the 
name  of  Epfom  Jab  of Lorraine ;  but  it  it  only  fuJphate  of  foda,  or 
Glauber  fait,  the  cry  ft  alii  2  at  ion  of  which  has  been  diiturbtd.     lt\% 
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Wallerius  gives  an  account  of  a  fourth  procefs  for 
obtaining  fait  from  fea  water,  which  is  pradifed  in  the 
north.  The  water  is  confined  in  trenches  on  the  fhore ; 
as  it  forms  but  a  fmall  ftratum,  the  cold  foon  penetrates 
through  and  freezes  it.  But  as  that  portion  neceflary 
for  the  folution  of  the  fait  contained  in  the  whole 
quantity  of  water  cannot  be  converted  into  ice,  what 
remains  fluid  contains  all  the  fait,  and  is  fo  concentra- 
ted that  the  moil  moderate  heat  caufes  ir  to  afford  mu- 
riate of  foda  in  cryftals:  it  is  then  conveyed  into  leaden 
boilers,  and  evaporated  by  fire. 

The  cryftals  of  muriate  of  foda  are  very  regular 
cubes  of  a  larger  or  fmaller  fize,  in  proportion  as  the  eva- 
poration has  been  flower  or  more  rapid.  They  flick  to- 
gether in  clutters,  forming  a  kind  of  ladders,  or  rather 
hoppers.  Rouelle  the  elder  obferved  this  phenomenon, 
and  has  given  an  accurate  defcription  of  it  in  his  Me- 
moirs on  Cryftallization.  Bergman  has  given  a  very  in- 
genious explanation  of  this  fadt. 

Every  body  knows  the  tafte  of  this  fait,  which  is  not 
difagreeable. 

When  expofed  to  a  brifk  heat  it  burfts  and  flies  in- 
to pieces.  This  phenomenon  is  called  decrepitation. 
It  is  owing,  as  we  have  already  obferved  when  fpeak- 
ing  of  fulphate  and*  muriate  of  potafh,  to  the  fudden 
rarefadion  of  the  water  on  which  the  cryftailizatioa 
depends.  When  all  the  water  is  thus  evaporated,  the 
decrepitation  ceafes,  and  the  fait  appears  in  a  powder. 

If 

dtftinguifhed  from  genuine  fulphate  of  magnefia  and  Epfom  fait,  fuch 
as  comes  from  England,  by  its  efflotefcing  in  the  air,  while  the  latter 
dcl/quiates. — F. 
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If  we  continue  to  urge  it  with  a  ftrong  heat,  it  melts 
after  becoming  red-hot.  If  poured  in  this  (late  on  the 
plane  furface  of  a  piece  of  marble,  it  congeals  into  a 
kind  of  cryftal  mineral;  but  it  has  not  fuffered  the 
leaft  alteration,  for  it  may  be  reftored  to  its  original 
form  by  foluti  n  in  water.  Fire  therefore  does  pot  de- 
compofe  it :  if  maintained  for  fome  time  in  fufion,  it  it 
at  length  volatilized,  but  (till  without  alteration.  The 
moil  intenfe  heat  is  requifite  to  bring  it  into  this  laft 
ftate. 

Muriate  of  foda  when  pure  fufFers  no  fenfible  altera- 
tion from  air;  it  rather  becomes  dry  than  acquires 
moifture.  It  never  indeed  attrads  moifture  but  when  it 
contains  a  mixture  of  muriates  with  earthy  bafes,  fuch 
as  in  fel  de  gabcllc. 

It  diflblves  very  readily  in  water :  three  parts  of  the 
fluid  are  fufficient  to  maintain  one  of  this  fait  in  folu- 
tion.  Three  ounces  and  an  half  of  water  will  entirely 
diflblve  an  ounce  of  the  fait.  Boiling  water  does  not 
diflolve  it  in  a  greater  proportion  than  cold  water ;  only 
the  folution  is  rather  fooner  effeded  with  the  help  of 
heat.  A  very  flow  evaporation  is  requifite  to  give  this 
fait  in  cryftals.  The  cryftallization  begins  with  the 
formation  of  a  number  of  fmall  points  on  the  furface  of 
the  liquor,  which  are  gradually  united  in  a  pellicle, 
more  or  lefs  thick;  inftead  of  being  cubic,  the  cryftals 
are  fometimes  fquare  hollow  pyramids,  refembling  hop- 
pers. Rouelle  the  elder,  who  paid  the  greateil  atten- 
tion to  all  the  phenomena  of  this  cryftallization,  obferv- 
cd  the  hoppers  to  be  formed  in  the  following  manner. 
When  a  cube  is  forrtied,  the  little  folid  finks  a  (hurt  way 
beneath  the  furface   of  the   water;  a  fecgnd  is  foon 
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formed,  and  connected  with  the  firft  on  one  of  its  fides; 
and  the  fame  phenomenon  takes  place  on  the  three  o- 
ther  fides  of  the  cube.     This  aggregation  of  cubic  cry- 
ftals    naturally   produces    narrow  inverted  pyramids. 
When  thefe  are  large  they  fink  to  the  bottom.     If  the 
fait  diflblved  was  very  pure,  what  remains  of  the  water 
after  it  has  been  evaporated  till  it  would  afford  no  more 
cry  ftals,  is  entirely  without  any  faline  matter.     The 
water  of  the  fea  and  of  fait  fprings  always  contains  falts 
with  an  earthy  bafe.     The  earth  may  be  precipitated 
by  foda,  as  we  (hall  have  occafion  to  mention  when 
fpeaking  of  earthy  neutral  falts.     Such  is  the  method 
ufed  for  obtaining  muriate  of  foda  in  a  ftate  of  great 
purity. 

Muriate  of  foda  appears  to  contribute  to  the  fufion  of 
glafs.  It  conftantly  occupies  the  upper  part  of  the  pots 
jn  which  this  matter  is  melted,  and  conftitutea  the 
greateft  part  of  glafs-gall. 

It  is  ufed  for  vitrifying  the  exterior  fiirface  of  cer- 
tain pottery  wares,  and  for  giving  them  a  kind  of  cover, 
by  melting  down  part  of  their  fub fiance  with  the  force 
of  heat  communicated  through  the  fait.  This  is  eafily 
effected  by  throwing  a  certain  quantity  of  muriate  of 
foda  into  the  furnace.  It  is  volatilized,  and  by  this 
means  fpread  over  the  furface  of  the  earthen  ware, 
which,  by  its  intenfe  heat,  it  caufes  in  part  to  melt. 
This  is  the  EngHfii  way  of  glazing. 

Siliceous  earth  does  not  alter  this  fait,  though  it  ap- 
pears to  promote  its  fufion. 

Pare  clay  ads  with  much  lefs  force  on  muriate  of 
foda  than  on  nitres.  When  diftilied  with  this  fait,  it 
affords  but  a  very  (mil  quaatity  of  a  weak  phlegmatic 

vddv 
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acid.  Diftillers  of  aquafortis,  it  is  true,  obtain  hi  this 
manner  the  muriatic  acid  called  Jpirtt  of  fait:  but  they 
make  ufe  of/W  de  gabetU  for  the  purpofe  ;  and  it  con- 
tains various  muriates  with  an  earthy  bafe;  befides,  the 
day  which  they  ufe  is  very  impure,  and  of  a  deep  colour. 

According  to  Bergman's  experiments,  barytes  de- 
compofes  muriate  of  foda,  as  well  as  the  other  alkaline 
felts ;  neither  lime  nor  magnefia  produces  any  altera- 
tion on  muriate  of  foda.  Perhaps  thefc  two  (alino-ter- 
rene  fubftances,  in  combination  with  the  carbonic  acid, 
might  feparate  the  component  principles  of  muriate  of 
foda  by  a  double  ele&ive  attra&ton. 

Cauftic  potafh  decompofes  muriate  of  foda,  having 
a  greater  affinity  than  foda  with  its  acid.  A  folution 
of  muriate  of  foda  mixed  with  potafh,  gives  by  evapo- 
ration muriate  of  potafh,  and  the  mother  water  con- 
tains pure  irffulated  foda.  t 

Acids  aft  in  a  very  diftind  manner  on  muriate  of 
ibda.  When  concentrated  fulphuric  acid  is  pour- 
ed on  this  (alt,  it  caufes  a  very  considerable  motion 
and  a  very  lively  beat.  A  violent  eflfervefcence  is  ob- 
served on  the  occafion  *,  which  arifes  from  the  difen- 
.  gagement  of  the  muriatic  acid  under  the  form  of  gas. 
This  aeriform  acid  may  be  diftinguifhed  after  it  has 
efcaped  intothe  atmofphere,  as  it  forms  a  white  vapour 
with  the  water  in  the  air,  and  has,  when  the  vapour 

is 

*  EfTenrefcence  it  as  obfervable  in  this  operation  as  in  the  union  of 
the  fame  acid  with  lime  and  alkaiis  faturated  wiih  carbonic  acid. 
It  takes  place,  therefore,  whenever  any  body  feparated  from  a  ftate 
of  combination  is  volatilized  under  a  gafeous  form  :  and  it  may  be 
produced  by  the  carbonic,  the  muriatic,  the  nitric,  the  fulphureous, 
and  the  fluoric  acid*,  &c.  It  muft  uot  b*  *fa\\>t&  \o  ^*  £\Vwg»^.- 
mtot  of  Mir. — F. 
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is  very  much  diluted,  a  pungent  fmell  not  unlike  that 
of  faffron.  A  confiderable  quantity  of  muriatic  acid 
gas  may  be  obtained  by  performing  the  operation  with 
a  pneumato-chemical  machine  provided  with  mer- 
cury. Glauber  was  the  firft  who  obferved  that  the 
acid  of  marine  fait  might  be  obtained  by  decompofing 
the  fait  with  fulphuric  acid,  and  defcribed  the  pro- 
cefs  for  obtaining  it;  on  which  account  this  ha$  re- 
ceived the  name  of  Glauber's  Jpirit  of  fait.  It  was  in 
examining  the  refidue  of  this  operation  that  he  disco- 
vered his  admirable  fait  to  which  we  now  give  the 
name  offulpbate  offoda. 

Almoft  all  writers  on  the  fubjed,  direft  the  xliftilla- 
tion  of  this  fait  to  obtain  the  muriatic  acid,  to  be  per- 
formed by  putting  a  quantity  of  it  into  a  tubulated 
ftone-retort,  and  pouring  in  at  the  orifice  half  its 
weight  of  concentrated  fulphuric  acid  :  A  confiderable 
quantity  of  acid  vapour  is  immediately  difengaged, 
which  pafles  by  the  extremity  of  the  retort  into  two 
balloons  prepared  to  receive  it :  One  of  thefe  vef- 
fels  has  a  little  hole  to  let  the  vapours  efcape,  fo  that 
they  may  not  burft  the  veffels.  In  this  operation,  as 
well  as  in  the  diftillation  of  the  nitrous  acid,  a  confi- 
derable quantity  of  the  pureft  muriatic  acid  is  loft,— 
efcaping  in  a  gafeous  form  through  the  hole  of  the  bal- 
loon ;  and  the  vapours  of  this  acid  being  fo  very  corro- 
five,  are  exceedingly  troublefome  to  the  operator.  To 
obviate  in  part  this  inconvenience,  M.  Baume  puts  a 
quantity  of  water  into  the  retort;  and  the  water  be- 
ing volatilized  in  the  balloon,  abforbs  part  of  the  mu- 
riatic acid  gas :  But  as  the  water  is  much  lefs  volatile 
than  the  acid,  thtit  is  dill  a  confiderable  quantity  of 

the 
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the  acid  loft*  Mr  Woulfe  has  found  means  to  obviate 
all  thefe  inconveniences,  aod  to  procure  the  muriatic 
acid  in  the  ftrongeft  and  mod  concentrated  ftate  of 
which  it  is  capable,  by  an  expedient  dire&ly  contrary 
to  M.  Baum£'s.  Inftead  of  volatilizing  the  water,  to 
make  it  abforb  the  vapours  of  the  muriatic  acid,  he  cau- 
fes  the  gas  to  pafs  through  that  liquid  by  the  apparatus 
which  we  defcribed  under  the  article  of  nitre. 

For  every  two  pounds  of  muriate  of  foda  and  one  of 
the  concentrated  fulphuric  acid  that  are  mixed  in  the 
retort,  eight  ounces  of  diftilled  water  are  put  into  the 
collateral  bottles.  The  muriatic  acid  gas  is  conduded 
through  the  tubes  into  the  water  in  the  bottles,  and 
there  difiblved.  The  water,  as  it  combines  with  the 
gas,  is  heated  almoft  to  ebullition,  and  abforbs  a  quan- 
tity equal  to  itfelf  in  weight.  When  fully  faturated, 
it  ceafes  to  abforb  the  gas  and  becomes  cold  ;  but  the 
gas  palling  into  the  fecond  collateral  bottles,  is  again 
immerfed  in  the  water  which  they  contain,  and  heaU 
and  faturates  it. 

This  very  ingenious  procefs  being  perfedly  confid- 
ent with  the  known  properties  of  the  muriatic  acid  gas, 
pofiefies  a  number  of  advantages,  i.  It  fecures  the 
operator  from  the  inconveniences  to  which  he  is  expof- 
ed  when  the  acid  is  diffufed  through  the  open  air.  2.  It 
prevents  the  very  confiderable  lofs  of  the  acid,  which 
was  unavoidable  in  M.  Baume's  procefs.  3.  It  gives  the 
muriatic  acid  in  a  ltronger,  more  concentrated,  and 
more  fuming  Hate  than  we  could  poflibly  have  it  other- 
wife.  4.  The  acid  obtained  this  way  is  extremely  pure, 
being  entirely  formed  of  gas  that  has  been  difiblved  in 
water.  It  is  on  this  account  extremely  white;  whereas 
3  \Xx*x> 
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that  which  was  formerly  obtained  in  the  laboratory  was 
always  of  a  citron  colour ;  a  circumftance  which  even 
led  chemHts  into  a  miflake,  for  they  considered  this 
colour  as  a  charade riftic  property  of  the  acid.  That 
portion  of  the  liquid  acid  which  is  in  this  procefs  con- 
denfed  in  the  receiver  is  yellow,  and  contaminated  with 
extraneous  matters  conveyed  into  it  by  the  water  of  the 
mixture,  as  happened  to  the  whole  of  what  was  obtain- 
ed in  the  old  way.  5.  The  new  method  dire£b  the  0- 
pcrator  what  ftrengtb  of  fire  to  ufe,  and  how  to  conduft 
his  operation  by  the  flower  or  quicker  paflage  of  the 
.gafeous  muriatic  acid  through  the  water  in  the  bottles. 
6.  Laftly,  what  is  of  more  importance  than  any  of  its 
other  advantages,  it  enables  us  to  determine  the  pre* 
-cife  quantity  of  acid  contained  in  any  neutral  fait,  as 
sot  a  particle  of  the  acid  feparated  is  loft. 

The  nitric  acid  like  wife  decomposes  muriate  of  foda; 
'but,  being  volatile,  it  afcends  and  unites  with  the  acid 
-of  this  fait.  From  this  union  refults  the  mixed  acid 
known  by  the  name  nitro-muriatic  acid,  or  aqua  regia. 

Baron  has  difcovered  that  the  boracic  acid,  with  the 
help  of  heat,  difengages  the  acid  from  muriate  of  foda. 
The  refidue,  after  this  diftillation,  is  genuine  borax  of 
foda  in  a  very  pure  ftate. 

Neither  the  carbonic  nor  the  fluoric  acid  ads  in  any 
diftind  manner  on  muriate  of  foda. 

None  of  the  neutral  falts  hitherto  defcribed  by  us 
ads  upon  this  fait.  When  fulphate  and  nitrate  of 
potafh  and  foda  and  muriate  of  potafh  are  diflblved  in 
the  fame  water  with  muriate  of  foda,  each  of  thefe  falts 
cryftallifes  by  itfelf,  and  in  its  own  way.  Muriate  of 
foda  is  among  tVvt  fait  which  are  feparated  in  the  pro- 

3  S*cft 
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grefs  of  the  e  po  rati  on,  and  it  mixes  with  a  little  of 
the  fulphate  and  muriate  of  potalh ;  but  the  fulphate 
of  foda  and  nitrate  of  potalh  remain  longer  in  folution, 
and  are  cryftallifed  by  the  cooling  of  the  liquid.  On 
this  account,  in  Lorraine,  the  mother-water,  from 
which  marine  fait  has  been  obtained,  is  put  into  veflels, 
and  ftirred  while  it  cook,  with  Haves  for  the  purpofe  ; 
which  caufcs  the  fulphate  of  foda  to  cryftallife  in  a  con- 
fufed  manner,  in  fmall  needles,  refembling  thofe  of  ge- 
nuine Epfom  fait,  or  fulphate  of  magnefia. 

The  ufcs  of  muriate  of  foda  are  extremely  various : 
It  is  employed,  I.  For  glazing  fome  kinds  of  earthen 
ware  by  occafioning  a  flight  fufion  of  their  exterior  fur* 
faces.  2.  By  glafc-makers,  for  whitening  and  purify- 
ing glafs.  3.  In  allaying  metallic  ores,  as  a  flux  to  the 
matters  of  which  the  fcoriae  are  formed,  to  facilitate  the 
precipitation  of  the  metals,  and  to  defend  them  from 
the  contaft  of  the  atmofphere,  fo  that  tKey  may  fuffer 
no  change  from  the  air. 

At  prefent  we  find  it  neceflary  to  apply  it  to  a  pur- 
pofe of  ft  ill  more  importance  than  any  or  thefe, — for  the 
extraction  of  foda,  which  is  becoming  every  day  more 
icarce,  and  is  of  eflential  ufe  in  many  of  the  arts. 
Several  people  in  England  poflefs  the  fecret  of  obtain- 
ing foda  from  marine  fait  in  the  great  way  *,  and  prac- 
tife  it  in  con  fide  r  able  extent. 

Some  chetnifts  have  thought  litharge  capable  of  de- 
compofing  muriate  of  foda  by  fimple  maceration  and 
cold.     It  would  appear  that,  in  confequence  of  its  con- 

Vol.  I.  F  f  taining 

*  We  underftand  that  the  extraction  of  foda  from  marine  fait  it 
not  pra&ifed  -in  England  to  fuch  extent  as  M.  Foorcro^  Cecu&  *5* 
think.— H. 


taining  carbonic  acid  capable  of  attra&ing  foda,  and 
forming  with  the  muriatic  acid  an  infallible  fait,  eafily 
feparable  from  the  alkaline  lixivittm,  it  ma  ft  ad  by  3 
double  ele&ive  amnion  \  but  the  experiments  which 
I  have  made  on  this  paint,  convince  me  that  the  pro- 
cefs  is  inadequate  to  the  pprpofe.     Scheele  qbferved, 
that  iron  immerfed  in  a  folutipn  of  muriate  of  foda  is 
coated   with  fod^  faturated  with  carbonic  acid.     He 
treated  fulphate  and  nitrate  of  foda  in  the  fame  man- 
ner,  with  the  fame  fyccefs.  He  difcovered,  that  quick- 
lime   rpixed   mt\\   muriate    of  foda,    if  the   mixture 
were   depofited  iq  31   damp  cellar,  afforded    an  efitar 
re  fee  nee  of  foda  and  calcareous  muriate.     This  faQ  was 
firft  communicated  to  the  public  by  C aha u fen  ii*  the 
year  1717.  1V{.  de  Morveau  has  proved,  t^at  thefe  de- 
compofitions  $re  effe&ed  by  means  ojf  the   carbonic 
acid ;  for  if  a  folution  of  fulphate  and  muriate  of  pot- 
alh  be  poured  upon  lime-water  precipitated  by  the  car- 
bonic acid,    it  becomes  clear  and  tranfparent ;  but 
when  water  containing  carbonic  acid,  is  poured  on  a  fo- 
lution  of  thofe  falts  mixed  with  lime-water,  no  precipi- 
tation takes  place.     Thefe  fa&s  are  fo  many  data,  ou 
which  we  myft  proceed  in  attempts   to   obtain  foda 
from  marine  fait,  and  to  form  extenfive  eftablifhtnents 
for  the  purpofe. 

Muriate  of  foda  is  ufed  as  feafpning  to  the  articles  of 
pur  food,  and  corredts  their  infipiduy.  It  like  wife  fa- 
cilitates digdtipn,  by  beginning  the  putrid  alteration  of 
the  fabftances  we  ufe  for  aliment.  Though  it  be  fully 
proved*  by  the  experiments  of  Pringle,  Macbride,  &c. 
that  when  mixed  in  a  pretty  large  proportion  with  ani- 
mal  fubftances,  it  retards  putrefa&ion,  and  is  power- 

full; 
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fully  amifeptic,  like  mod  other  faline  matters;  yet  it 
ads  in  a  very  different  manner  when  mixed  with  the 
fame  fubftances  in  a  very  fmall  proportion,  caufing 
them  to  pafs  more  readily  into  a  date  of  putrefa&ion. 
This  is  proved  by  the  experiments  of  the  author  of  the 
Eflays  on  the  Hiftory  of  Putrefa&ion,  and  by  M.  Gar- 
danne's  experiments. 

The  fait  is  not  lefs  ufeful  in  medicine.  In  apoplec- 
tic and  paralytic  cafes,  &c.  it  is  put  into  the  mouth, 
and  ufed  externally  in  baths,  as  an  excellent  ftimulant. 
In  mod  cafes  it  is  a  powerful  difcuffive.  It  is  ftrongly 
recommended  by  Ruflel  (de  Tabe  Glandular i)  for  lym- 
phatic tumours,  occafioned  by  a  fcorbutic  habit.  I 
have  myfelf  prefcribed  it  fuccefsfully  for  feveral  dif- 
cafes  of  that  kind.  It  is  purgative  when  adminiftered 
in  dofes  of  feveral  drams.     As  the  moil  impure  fait  is 

• 

commonly  ufed  on  all  thefe  occafions,  its  effefts  are  in 
part  to  be  afcribed  to  the  calcareous  and  magnefian 
muriates  which  it  contains  *. 
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•  The  water  of  the  Baltic  fea  is  (aid  to  contain  ^  of  its  weight  of 
(alt ;  the  water  of  the  fea  between  France  and  England  contains  T'T  of 
its  weight  of  fait.  On  the  coafb  of  Spain,  the  water  of  the  fea  hat 
T*3»  of  (alt.  Between  the  tropica,  the  fea- water  it  (aid  to  have  from  \ 
to  T'r  °f  £dt»  The  JtUomc  fait  water  lafce,  in  the  Ruffian  dominion*, 
was  once  almoft  folid  with  fait,  fo  that  heavy  waggons  were  driven  up- 
on it  as  upon  ftrong  ice.  But,  in  the  year  1757,  the  proportion  of  the 
water  began  to  increaie.  And  it  has  fince  increafed  fo  much,  as  to 
form  now  within  the  bafon,  only  a  lake  ftrongly  impregnated  with 
fclt—H. 
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Species  VII.   Borax  of  Soda,  or  Supersaturated  Borate 

of  Soda  * 

Borax  of  Coda,  or  common  borax,  is  a  neutral  fait, 
formed  by  the  combination  of  the  boracic  acid  withfo- 
da.  We  get  this  fait  from  the  Eaft  Indies ;  but  its  hif- 
tory  is  very  little  known.  We  know  not  certainly 
whether  it  be  a  product  of  nature  or  of  art  f .  If  the 
cfifcovery  of  the  boracic  acid  exiting  in  a  ftate  of  folu- 
tion  in  the  waters  of  feveral  lakes  in  Tufcany,  a  fad 
which  we  mentioned  in  the  hiftory  of  that  acid,  give 
us  reafon  to  think  borax  a  product  of  nature,  a  variety 
of  fafts  which  we  fhall  hereafter  mention,  concur  to 
fhow  that  this  fait  may  be  alfo  formed  by  certain  arti- 
ficial procefles,  as  well  as  nitre. 

Borax  of  foda  appears  in  commerce  in  three  diffe- 
rent ftates.  In  the  firft,  it  is  crude  borax,  tinckal  or 
cbryfocolle.  This  we  get  from  Perfia  ;  it  is  in  greenifli 
in  a  fifes  which  feel  greafy,  or  in  opaque  cryftals,  colour- 
ed like  green  leeks,  which  are  prifmatic  figures  of  fix 
faces,  terminating  in  irregular  pyramids.  There  are 
even  two  kinds  of  thefe  greenifli  cryftals,  differing  from 

each 

*  Hitherto  we  have  begun  wkh  examining  the  neutral  &lts  formed 
|>y  the  union  of  the  acids  with  potafh.  But,  in  {peaking  of  thofe  in- 
to which  the  boracic  acid  enters,  we  are  obliged  to  begin  with  that 
which  has.  foda  for  its  bale,  for  it  is  the  only  one  with  which  we  are 

well  acquainted. — F. 

•J*  Kirwan,  is  his  mineralogy,  page  206.  inform*  us,,  that  k  is  dag 
oat  of  the  earth  in  the  kingdom  of  Thibet,  m  a  cryftaHinc  form.  la 
the  Philofophical  Tranfaftions  for  the  year  1787,  we  are  informed  by 
a  letter  from  Mr  Blanc,  dated  at  Lucknow,  that  the  borax  of  Thibet 
i$  formed  in  a  certain  valley  in  that  country,  by  the  co-operation  of 
jfoow  and  the  water%  ol  *  \*Nw.  \t^3da  tov&&\&  <a£  the  valley,  with  a  (atiae 
matter  whukabwutoow  \kfc^tv~^- 
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each  other  in  fize.    This  fait  is  very  impure,  a  great 
many  extraneous  fubftances  being  intermixed  in  it. 

The  fecond  fpecies  is  known  by  the  name  of  China 
borax.  It  is  rather  more  pure  than  the  former :  it  ap- 
pears in  the  form  of  fmall  plates,  or  in  mafles  irregu- 
larly  cryftallifed,  and  of  a  dirty  white  colour :  it  dif* 
plays  the  beginnings  as  it  were  of  prifms  and  pyramids 
confounded  together  without  any  fymmetrical  arrange- 
ment. The  furfaces  of  thefe  cryftals  are  covered  ove* 
with  a  white  duft,  which  is  thought  to  be  of  an  argilla- 
ceous nature. 

The  third  fpecies  is  Dutch  or  refined  borax.  It  ap* 
pears  in  fragments  of  cryftals,  tranfparent  and  tolerably 
pure :  pyramids  with  a  number  of  faces  are  obferved  in 
it ;  but  their  cry  ft  alii  fat  ion  appears  to  have  been  inter- 
rupted. This  form  affords  a  certain  indication  of  the 
manner  in  which  the  Dutch  purify  this  fait ;  it  is  by  fo* 
lotion  and  cryftallifation. 

Laftly,  It  is  prepared  at  Paris  by  Meffrs  Lefguillers, 
druggifts  in  Lombard-Street  :  and  their  purified  borax 
is  no  way  inferior,  perhaps  even  fuperior,  in  parity  to 
the  Dutch  borax. 

Befide  thefe  four  kinds  of  borax,  M.  la  Pierre  apothe* 
cary  in  Paris  has  imagined  it  to  be  formed  m  a  mixture 
of  foap-fuds  with  dirty  kitchen-water,  which  a  certain 
individual  preferves  in  a  fmall  trench,  obtaining  from 
it  at  the  end  of  a  certain  time  genuine  borax  in  beau- 
tiful cryftals.  But  this  fad,  though  firft  communica* 
ted  to  the  public  ten  years  fincey  has  not  received  con*  . 
firmation  *. 

F  f  3  Wo 

•  Teoyetrs>  it  the  date  of  tht  publication  g f  ihc^d  edkwa  *t  *£* 

WO*.— Ji 
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We  are  (till  ignorant  therefore  in  what  manner  bo* 
rax  is  formed  ;  only  it  appears  to  be  produced  in  ftag- 
nant  waters  containing  fat  matters.    Some  authors  af- 
fure  us,  that  it  is  artificially  compofed  in  China,  by 
mixing  in  a  trench,  greafe,  clay,  and  dung,  in- alter- 
nate layers,  watering  this  collection  of  matters  at  pro- 
per times,  and  leaving  it  untouched  for  feveral  years. 
At  the  end  of  this  time,  by  forming  thofe  matters  into 
a  lixivium,  and  evaporating  the  lixivium,  crude  borax 
is  obtained.     Others  would  perfuade  us,  that  it  is  got 
out  of  water  filtered  through  copper  ore.     M.  Baumc 
pofitively  afferts  that  the  former  of  thefe  procefies  fuc- 
ceeded  very  well  with  him.     Cbem.  Eper.  Tom.  IL 
page  i$2. 

Purified  borax  appears  under  the  form  of  fix-fided 
prifms,  two  of  the  fides  larger  than  the  reft,  with  tri- 
hedral pyramids.  It  difplays  many  varieties  in  its 
cryftallifation.  Its  tafte  is  ftiptic  and  urinous,  if 
communicates  a  green  colour  to  fyrup  of  violets,  on  ac- 
count of  its  containing  an  extraordinary  proportion  of 
foda.  We  leave  it  in  pofieffion  of  the  name  of  borax, 
in  order  to  diftirguifh  it  from  genuine  borate  of  foda, 
which  is  faturated  with  the  boracic  acid  :  we  likewifc 
call  it  borax  fuper-faturated  with  foda,  to  indicate  the 
nature  of  the  combination. 

When  expofed  to  the  a&ion  of  fire,  the  water  of  its 
cryftallifation  caufes  it  to  melt  with  great  rapidity  ;  it 
gradually  lofes  that  water,  and  fwells  to  a  confiderable 
bulk.  It  is  then  in  the  form  of  a  light,  porous,  and 
rery  friable  mafs,  known  by  the  name  of  calcined  bo- 
rax. The  caufe  why  borax  of  foda  increases  in  bulk, 
^ndaflutnw  ^  UvaOi^X^  ^^u^  form,  on  being  ad- 
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cined,  U,  that  the  water  which  is  difengaged  into  a  va- 
porous (late,  raifes  to  the  furface  a  portion  of  the  falin* 
fubftance  half  dried,  and  in  light  thin  pellicles ;  and 
the  bubbles  ih  which  it  rifes,  making  their  way  out  at 
the  furface,  the  pellicles  become  entirely  dry,  and  arc 
arranged  one  above  another  with  interfaces  between 
them.  Calcination  produces  no  alteration  oh  borax  o£ 
foda,  as  to  its  component  parts :  it  lofes,  in  undergoing 
this  procefs,  nothing  but  the  Water  which  ifaixed  with 
it  in  cryftallifation,  nearly  in  the  proportion  of  fix  oun- 
ces to  the  pound.  We  can.  teftore  to  it  its  original  form 
by  diflblving  it  in  water,  and  caufing  it  to  crvftallile 
anew.  But  if  after  it  has  been  calcined,  We  expofe  It 
to  a  continued  heat,  it  melts  on  becoming  red-hot  info 
a  very  fufible  tranfparent  greenifh  glafs  ;  which  is  ful- 
lied  by  expofure  to  the  air,  and  melts  in  Water,  Even 
fufion  produces  no  change  of  nature  on  bote*;  We 
can  caufe  it  to  refume  its  original  appearance,  with 
all  its  peculiar  properties,  by  folution  add  cryftallU 
fat  ion. 

Air  effefts  ho  alteration  ort  this  fait  i  it  rhafces  it  tf- 
florefce  indeed  at  the  furfade  by  depriving  it  of  part  of 
the  water  of  its  cryftallifation.  But  this  cfltorefcenC* 
does  not  take  place  ih  the  fattie  manner  on  all  the  fe Ve- 
ra 1  kinds  of  purified  borax  of  foda.  The  borax  of 
China  gives  a  much  flighter  eflloreffctenfce  thdh  Dutch 
borax.  Dutch  borax  likewife  gives  a  more  copious  ef- 
florefcence  tbart  the  bora*  pdrifiedin  Parts;  This  flight 

• 

difference  depends  no  doubt  on  the  different  procefles 
adopted  for  purifying  it j  on  the  mdtihlr  in  which  its 
cry  ftals  contain  water,  according  as  they  have  been  more 
flowly  or  quickly  j  and  perhaps  too  otL  tte.  dififex^x 

P  f  4  ^o^T\x<tfO* 
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proportion!  of  foda,  and  the  boracic  acid,  which  enter 
into  its  compofition. 

Borax  of  foda  diflblves  very  readily  in  water :  twelve 
parts  of  cold  water  are  neceflary  to  diflblve  one  of  this 
fait j  half  that  quantity  of  boiling  water  will  produce 
the  fame  effed.  It  is  obtained  in  cryftals  by  cooling 
the  folution  ;  but  the  moil  beautiful  and  regular  cry- 
ftals  are  formed  in  the  mother. water,  when  it  is  left  to 
evaporate  flowly,  with  the  ordinary  temperature  of  the 
%tmofphere. 

Borax  of  foda  ferves  for  a  flux  to  filiceoas 
earth,  and  joins  with  it  to  form  a  very  fine  glafc. 
It  is  ufed  in  the  preparation  of  artificial  precious 
{tones. 

It  likewife  caufes  clay  to  vitrify,  but  with  much  more 
difficulty,  and  more  imperfe&ly.  This  is  the  rea- 
fon  of  its  flicking  to  the  crucibles  in  which  it  is  put  to 
melt. 

We  are  rather  unacquainted  with  the  a&ion  of 
pure  barytes  and  magnefia  on  borax  of  foda.  Berg- 
man, however,  ranks  thofe  two  fubftances  before 
the  alkalis  in  the  tenth  column  of  his  table  of  af- 
finities; which  (hows  that  he  thinks  them  capable 
of  decompofing  this  fait  :  But  in  his  diflertatioo, 
he  fays,  that  the  affinities  of  ponderous  earth  and 
magnefia  with  the  boracic  acid  are  not  yet  exaftly 
known. 

Lime  has  a&ually  a  greater  affinity  than  foda  with 
this  acid*  Lime-water  precipitates  a  folution  of  this 
fait ;  but  to  make  it  decompofe  it  entirely,  we  mult 
boil  quicklime  and  borax  of  foda  together :  an  almoft 
infoluble  feline  comV\uu\.\au  qC  Jime  with  the  boracic 
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%ci4  is  then  depofitcd,  and  the  cauftic  foda  is  left  in  fo- 
lution  in  the  water. 

Potafii  appears  to  decompofe  borax  of  foda  as  well  as 
all.  other  neutral  falts  with  a  bafe  of  mineral  alkali. 
Ammoniac  produces  no  fort  of  alteration  on  this  fait. 

The  acids  a&  on  borax  in  a  very  diflind  manner. 
If  into  a  boiling  folution  of  borax  of  foda  you  pour  a 
quantity  of  concentrated  fulphuric  acid,  taking  care 
to  give  the  liquor  a  very  fmall  excefs  of  the  acid,  you 
may  obtain  from  this  mixture,  by  filtrating  and  cooling 
it,  a  very  copious  precipitate  in  (mall  bright  fcales. 
This  precipitate  is  boracic  acid,  and  by  wafhing  it  in 
diftilled  water,  and  drying  it  in  the  air,  it  is  rendered 
very  pure.  By  evaporating  the  folution  thus  prepared 
and  leaving  it  to  cool,  we  obtain  from  time  to  time  new 
quantities  of  boracic  acid.  At  laft,  the  produd  is  ful« 
phate  of  foda,  formed  by  the  union  of  the  fulphuric  acid 
made  ufe  of  on  the  occafion,  with  the  alkaline  bafe  of 
borax. 

The  nitric  and  the  muriatic  acids  decompofe  borax 
of  foda  in  the  fame  manner,  becaufe  they,  as  well  as 
the  fulphuric  acid,  have  more  affinity  with  foda  th  in 
the  boracic  acid  has.  The  laft  evaporations  of  tbefe 
mixtures  afford  nitrate  or  muriate  of  foda.  The  difco- 
very  of  the  boracic  acid  feems  to  belong  to  Beccher, 
but  has  been  ufually  afcribed  to  Homberg,  he  having 
in  the  Memoirs  of  the  Academy  for  the  year  1 702,  gi- 
ven the  firft  accurate  defcription  of  a  procefs  for  ob- 
taining it.  That  chemift  obferved  this  fait  to  be  fubli- 
mated  in  the  diilillation  of  a  mixture  of  fulphate  of  cal- 
cined iron  with  borax  of  foda  and  water.  Imagining 
the  firft  of  tbefe  matters  to  contribute  greatly  v*  \v* 
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formation,  he  gave  it  the  name  of  narcotic  volatile  fait  of 
vitriol.  Lewis  Lemery,  eldeft  fon  to  the  famous  Nl* 
cholas  Lemery,  tnade  many  experiments  on  borax  of  fo- 
da, and  difcovered  in  the  year  1728,  that  the  bofacic 
acid,  then  called  fe dative  fait ,  might  be  obtained  from 
it  by  means  of  pure  fulphuric  acid,  and  that  the  ma* 
riatic  and  the  nitric  acids  likewife  feparated  it;  but 
fublimation  was  the  procefs  which  he  always  ufed.  We 
are  indebted  to  Geoffrey  the  younger  for  the  firft  com* 
plete  analyfis  of  borax.  In  the  year  1732,  he  proved 
that  the  boracic  acid  might  be  obtained  by  evaporation 
and  cryftallization ;  and  by  examining  the  fefidue 
which  remained  after  thefe  operations,  found  foda  to  be 
one  of  the  principles  of  borax. 

Baron's  experiments  on  this  fait,  which  were  laid 
before  the  Academy  in  the  years  1745  and  1748,  added 
two  important  facts  to  thefe  difcoveries :  The-  firft, 
that  vegetable  as  well  as  mineral  acids  decompofed  bo- 
rax of  foda :  The  fecond,  that  genuine  borax  may  be 
formed  by  uniting  the  boracic  acid  with  foda*  The  lad 
of  thefe  fads  provts  that  the  acid  is  entirely  formed  in 
the  fait,  and  that  its  formation  is  in  no  degree  owing  t<* 
the  acids  employed  to  decompofe  the  fait. 

The  fluoric,  and  even  the  carbonic  acid  though  one 
of  the  weakeft,  appears  to  be  capable  of  decompofing 
borate  of  foda,  and  feparating  the  boracic  acid.  This 
laft  acid  unites  readily  with  the  borax  of  commerce;  its 
alkaline  bafc  requiring,  to  be  fully  Saturated,  rather  more 
of  the  boracic  acid  than  a  quantity  equal  to  the  whole 
weight  of  the  borax.  Bergman  is  even  of  opinion  that 
this  fait  is  not  fully  faturated  nor.  properly  neutral,  and 
that  alkaline  $to\ttxVK%&&  wevUuus  to  predominate  in 
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it,  till  fuch  time  as  it  receives  this  additional  quantity  of 
boracic  acid.  The  properties  of  this  neutral  fait,  when 
thus  fa tu rated,  have  not  as  yet  been  particularly  exa- 
mined. 

None  of  the  alkaline  neutral  falts,  whether  fulphuric, 
nitric,  or  muriatic,  ails  in  any  manner  on  borax  of  foda* 

This  fait  acquires  a  reddifh  colour  when  melted  with 
combuftible  matters,  fuch  as  charcoal ;  but  we  know 
not  yet  what  alteration  it  fuffers  from  thefe  matters. 

Borax  is  of  great  utility  in  many  of  the  arts.  In  glafs- 
making,  and  theafiaying  of  metals,  it  is  ufed  as  an  ex- 
cellent flux.  It  is  ufed  in  foldering  metals  to  make 
the  mixture  run,  which  is  defigned  for  the  folder ;  and 
it  at  the  fame  time  foftens  the  furfaces  of  the  metals  to 
be  united,  and  defends  them  from  being  calcined  by 
the.  adion  of  the  air.  It  was  formerly  much  ufed  in 
medicine,  but  has  gone  quite  out  of  ufe. 

Species  VIII.    Borate  of  Potnjb. 

We  give  the  name  of  borate  of  potafb  to  the  combi- 
nation of  the  boracic  acid  with  potafb.  It  is  well  known 
that  thefe  two  faline  fubftances  readily  unite,  and  that 
from  their  union  refults  a  neutral  fait,  refembling 
borax  of  foda.  Of  this  kind  is  the  refidue  of  nitre  of 
potafh,  decompofed  by  the  boracic  acid.  M.  Baume 
fays,  that  this  refidue  appears  in  the  form  of  a  white 
half-melted  glafc,  which  when-  diflblved  in  water,  af- 
fords fmall  cry  ftals.  Borate  of  potafh  is  therefore  fufi- 
bk,  foluble,  and  fufceptible  of  cryftallization,  and  pure 
acids  decompofe  it  as  well  as  borate  of  foda.  We 
know  nothing  more  certain  of  this  fait ;  it  (howld^^^ 
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mined  in  the  fame  manner  as  borate  of  fbda.  Baron 
knew  the  poflibility  of  producing  this  fait  by  a  dircd 
combination  of  the  boracic  acid  with  potafh;  he  has 
even  diftinguifhed  it  accurately  from  common  borax, 
or  borax  with  a  bafe  of  foda j  but  not  a  word  has  he 
faid  concerning  the  peculiar  properties  .  of  borax  gf 
potafh. 

Species  IX.     Fluate  of  Soda. 

According  to  the  fyftem  of  nomenclature  to  which 
we  have  conformed  from  the  beginning  of  this  work 
hitherto,  the  name  fluate  of  foda  denotes  the  combi- 
nation of  the  fluoric  acid  with  potafh.  This  neutral 
fait  has,  as  yet,  undergone  but  a  very  flight  examina- 
tion—by  Meflrs  Scheele  and  Boullanger.  According 
to  thefe  two  chemifts,  it  always  appears  in  a  gelatinous 
form,  and  is  never  cryftallized.  According  to  Scbeclc, 
it  becomes,  when  dried  and  melted,  acrid,  cauftic,  and 
gelatinous.  He  compares  it  in  that  (late  to  liquor  of 
flints.  It  appears  that  fire  difengages  the  fluoric  acid; 
and  that  the  filiceous  earth  with  which  it  is  always  im- 
pregnated during  its  preparation,  then  melts  into  a  fo- 
luble  glafs  with  the  help  of  the  potafh. 

Fluate  of  potafh  diflblves  very  readily  in  water.  It 
always  retains  fo  large  a  proportion  of  this  fluid,  that 
it  is  impoffible  to  make  it  affurae  a  cryftalline  form. 
When  it  is  well  fat u rated, -a  folution  of  it  produces  no 
alteration  on  fyrup  of  violets. 

We  know  not  in  what  manner  either  filiceous,  ar- 
gillaceous, or  barytic  earth  or  magnefia,  affe&s  this 
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According  to  Scheele  and  Bergman,  lime  has  more 
affinity  than  potafli  with  the  fluoric  acid.  Throw 
fluate  of  potafli  into  lime-water  it  is  inftantiy  dccom- 
pofed :  lime  unites  with  the  fluoric  acid,  forming  an 
infoluble  fait,  which  takes  away  the  purity  of  the  li- 
quor, and  is  fluate  of  lime.  We  (hall  afterwards  fee 
that  lime  Ukewife  decompofes  neutral  falts  formed  of 
the  carbonic  acid  with  fixed  alkalis.  We  have  already 
feen  that  lime-water  precipitates  borax  of  foda;  there- 
fore the  fluoric  is  not  the  only  acid  which  has  a  greater 
affinity  with  that  falino-terrene  fubftance  than  with  the 
fixed  alkalis. 

The  concentrated  fulphuric  acid  decompofes  fluate 
of  potafli  by  difengaging  its  acid ;  which,  according  to 
M.  Boullanger,  appears  in  the  white  vaporous  form, 
and  exhales  the  odour  peculiar  to  the  muriatic  acid. 
When  this  experiment  is  made  in  an  apparatus  proper 
for  diflillation,  we  obtain  the  fluoric  aeid,  juft  as  we 
obtain  the  acids  contained  in  nitre  of  potafli  and  mu- 
riate of  foda,  when  we  decgmpofe  them  with  the  fulphu- 
ric acid. 

No  inquiry  has  hitherto  been  made  concerning  the 
adion  of  the  nitric  and  the  muriatic  acids,  or  of  the 
known  neutral  falts,  on  fluate  of  potafli.  This  fait  it 
in  other  refpects  little  known,  and  is.  applied  to  no  uie. 

Species  X.     Fluate  of  Soda. 

This  is  a  proper  enough  denomination  for  the  neu- 
tral fait  formed  by  the  faturated  combination  of  the 
fluoric  acid  with  foda.  This,  like  the  foregoing  fait, 
has  been  but  very  little  examined.    No  body  but  Ms£t% 
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Scheele  and  Boullanger,  has  faid  any*  thing  about  it ; 
and  they  differ  in  their  opinions,  as  we  are  about 
to  fee. 

Scheele  aflerts,  that  a  combination  of  foda  with  the 
fluoric  acid  forms  a  jelly  like  the  preceding  fait. 
Boullanger,  on  the  contrary,  fays,  that  the  combination 
affords  very  fmall,  hard,  brittle  cryflals,  of  an  oblong 
Iquare  figure,  a  bitter  tafte,  and  fomewhat  ftyptic. 
This  fait  decrepitates  on  burning  coals  like  muriate  of 
foda ;  it  diflblves  in  water,  but  not  readily. 

Lime-water  decftmpofes  this  fait  as  well  as  fluate  of 
potafli.  The  fulphuric  difengages  the  fluoric  acid  from 
this  felt  with  effervefcence,  cauffog  it  to  rife,  like  the 
muriatic  acid,  in  a  white.vapour  of  a  pungent  fmell. 

From  this  fhort  account  of  this  fait,  the  reader  may 
perceive  that.it  is  not  better  kaown  than  the  laft. 

Species  XI.     Carbonate  of  Pota/b. 

The  lad  two  neutral  frits  which  we  have  to  examine, 
are  combinations  of  the  carbonic  acid  with  fixed  al« 

kalis. 

Thefe  fubflances  were  never  before  reckoned  among 
the  neutral  falts :  but  we  fhall  immediately  fee  that 
they  are  true  neutral  falts. 

What  we  call  carbonate  o/Potq/b,  is  a  neutral  fait 
refulting  from  a  faturated  combination  of  carbonic  acid 
with  potafli.  Some  modern  chemifts  call  it  mepbitic 
tartar,  aerated  vegetable  alkali,  ifc.  This  faline  fub- 
ftance  was  always  taken  for  pure  alkali,  till  Dr  Black's 
experiments  fhowed  it  to  be  a  neutral  fait.  Its  old 
pame  washed  Ja(t  of  tariarx  becaufe  it  was  obtained 
x  by 
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by  the  incineration  of  tartar  of  wine;    It  was  confider- 
pd  as  an  alkali,  becaufe  it  pofleffes  fome  of  the  proper- 
ties of  alkaline  fairs.     It  does  indeed  convert  f>  rup  of 
yiolets  to  a  green  colour;  but  borax  and  feveral  other 
neutral  falts  poflcfe  the  fame  property  :  befides,  it  nei- 
ther deflroys  nor  weakens  the  colour  of  violets  like 
potafh.     It  has  an  alkaline  tafte ;  but  the  fame  is  diftin- 
£uifhable  in  borax :   only   it  was  diflinguifhed  from 
alkali  of  foda  by  its  power  of  attracting  the  moidure  of 
the  air  with  great  rapidity,  and  its  not  being  fufceptible 
-of  cryftallization.    When  thus  moiftened  in  the  air,  it 
received  the  name  of  oil  of  tartar  per  deli  qui  am  •.     But 
fixed  (alt  of  tartar  poflcfics  thefe  two  properties  only 
becaufe  it  U  not  a  perfect  neutral  fait.     Containing 
it  ill  a  certain  quantity  of  potafli  not '  faturated  with 
carbonic  aqd,  this  excefs  of  alkali  renders  ft  delique- 
scent.    At  prefent,  this  fait  is  obtained  in  a  ftate  in 
which  it   is  very  fufceptible   of  cryftallization,   and 
attracts    no    moifture,    but    rather  efflorefces.      The 
Duke  de  Chaulnes,  who  has  paid  much  attention  to 
this  objedt,  prepares  this  fait  by  expofing  a  folution  of 
potato,  either  cauftic  or  containing  a  little  of  the  car- 
bonic acid,  in   a   place  full  of  carbonic    acid,   as  in 
the  upper  part  of  a  barrel  of  beer  when  it  is  ferment- 
ing,     T he  alkali  fei^es  as  much  of  the  carbonic  acid  as 

it 


*  Bohnius  relates,  tint  evaporating  oil  of  tartar  flowly,  by  a  mo* 
derate  heat,  he  obtained,  under  a  faline  pellicle,  beautiful  cryflaU, 
which,  thocgh  expofed  to  virions  temperatures,  remained  fix  years  un- 
altered (Djfirt.  PbvjlcQ-Chtm.  1 666.)  M.  Montet,  a  celebrated  chc- 
mi  ft  of  Mootpelier,  who  was  certainly  unacquainted  with  Bohnius't 
difcovery,  has  invented  a  procefs  for  crydaHifiog  this  fixed  &!t  of  ur- 
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it  can  abforb,  and  is  regularly  cryftallifed.  Its  cryftals 
are  quadrangular  prifms,  terminating  in  very  fhort  py- 
ramids with  four  faces. 

Carbonate  of  potafh  has  an  urinous  tafte,  but  much 
weaker  than  that  ef  the  cauftic  vegetable  alkali ;  for  in 
medicine  it  is  given  as  a  difcuffive  in  dofes  of  feveral 
grains.    This  neutral  felt  is  very  fubje&  to  alteration 
from  fire ;  it  melts  eafily,  and  is  pretty  quickly  redu- 
ced to  an  alkali.     If  it  be  diflilled  in  a  retort  with  a 
receiver,  and  a  pneuma to-chemical  apparatus  with  mer- 
cury fitted  to  it,  the  products  obtained  are,  the  water 
of  its  cryftallization,  and  its  acid  in  an  aeriform  ftate. 
The  potafh,  after  this  operation,  remains  in  an  irregu- 
lar mafs,  ftill  retaining,  however,  a  fmall  portion  of  the 
acid,  which  cannot  without  the  greateft  difficulty  be 
extracted  from  it  by  fire.    According  to  Bergman's 
analyfis  of  it,  carbonate  of  potafh,  when  faturated  with 
the  acid,  and  regularly  cryftallifed,  to  which  he  gives 
the  name  of  aerated  vegetable  alkali,  contains  .in  the 
quintal  twenty  parts  of  the  acid,  forty-eight  of  putt 
alkali,  and  thirty-two  of  water.     But  it  is  to  be  ob- 
fervcd,  that  carbonates  are  more  liable  than  other  neu- 
tral faits  to  vary  in  the  quantity  of  the  acid.     Yet,  as 
this  fait  never  furnifhes  regular  cryftals  but  when  it  is 
fully  faturated,  Bergman's  calculation  deferves  to  be 
confidered  as  fufficiently  accurate. 

Carbonate  of  potafh,  when  fully  cryftallifed,  fufftrs 
no  alteration  from  air j  its  cryftals  neither  deliquiate 
nor  efflorefce,  but  remain  tranfparent.  This  fait,  when 
fo  pure  as  to  poflefs  this  property,  being  of  ufe  in  ma- 
ny experiments,  it  may  be  proper  to  let  the  reader 
know  thatk  \s pw£ttt& va the  following  manner:  By 
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expofing  a  lixivium  of  common  potafh,  very  pure  and 
white,  and  (Separated  from  the  fulphate.  of  potafh  which 
it  ufually  contains,  in  a  (hallow  difh,  in  the  upper  part 
of  a  beer  barrel ;  and  the  procefs  is  the  fooner  com* 
pleted,  if  the  potafh  be  continually  ftirred  or  poured 
out  of  one  veflel  into  another ;  and  if  it  be  thus  kept 
in  contact  with  the  carbonic  acid  produced  by  fermen- 
tation, till  fuch  time  as  it  depoGte  beautiful  cryftals  of 
carbonate  of  potafh. 

This  (alt  diflblves  readily  in  four  parts  of  cold  water, 
and  a  rather  (mailer  quantity  of  warm  water  will  main- 
tain it  in  folution ;  it  produces  cold  as  it  unites  with 
that  fluid.  This  property  which  diftinguUhes  neutral 
from  Ample  falts  fufficiently  determines  the  difference 
between  carbonate  of  potafh  and  pure  or  cauftic  pot- 
afh* It  is  cryftallifed  by  evaporation  and  cooling  con- 
junctly. When  the  folution  is  too  much  concentra- 
ted, it  takes  the  form  of  an  irregular  mais,— which  of- 
ten happens  in  the  laboratories. 

This  fait,  as  well  as  potafh,  ferves  as  a  flux  to  verifia- 
ble earths  ;  becaufe  fire  reduces  it  to  an  plkali  by  ex* 
pelling  the  carbonic  acid.  Befides,  when  this  fait,  with 
a  mixture  of  fand9  is  violently  heated  in  a  crucible,  a 
lively  eflfervefcence  may  be  obferved  at  the  inftant  of 
vitrification;  and  that  eflfervefcence  is  owing  to  the 
difengagement  of  the  carbonic  acid.  This  fadt  (hows 
that  liliceous  earth  cannot  enter  into  combination  with 
an  alkali  faturate^  with  this  acid,  and  that  the  acid  es- 
capes when  the  vitreous  combination  takes  place. 
This  eflfervefcence  attends  fo  invariably  the  combi- 
nation of  tbefe  two  fubftances,  that  Bergman  pro- 
pofes  to  try  filiceous  e.inh  by  means  of  the   blow- 
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pipe,  with  carbonate  of  potafli,  as  no  other  earth  Exhi- 
bits the  fame  phenomenon  when  heated  with  this 
fait. 

Clay  does  not  ad  at  all  on  carbonate  of  potafli ;  but 
the  fait  reduces  that  earth  to  a  vitreous  frit,  though  not 
quite  fo  eafily  as  does  cauftic  potafli,  Barytes  deprives 
this  fait  of  the  carbonic  acid. 

Lime  likewife  decompofes  it,  having  a  greater  affiai- 
ty  than  potafli  with  the  acid.     Lime-water  poured  into 
a  folution  of  carbonate  of  potafli,  gives  a  precipitate  of 
an  almoft  infoluble  fair,  produced  by  the  combination 
of  lime  with  the  carbonic  acid ;  and  the  pure  or  cauf- 
tic alkali  remains  diflblved  in  the  water.    In  pharmacy, 
this  procefs  is  made  ufe  of  for  the  preparation  of  the 
lapis  cauflicus,  which  is  nothing  but  fixed  vegetable 
alkali  rendered  cauftic  by  lime.     Modern  difcoveries 
have  fhown,  that  Lemery's  procefs  for  preparing  the 
lapis  caujiicus,  though  followed  by  many  pharmaco- 
poeias,  is  very  defe&ive.      It  confifts  in  mixing  two 
pounds  of  afhes  obtained  by   the  combuftion  of  the 
huiks  of  grapes  with  lees  of  wine  *,  with  a  pound  of 
quicklime,  immerflng  the  mixture  into  fixteen  pounds 
of  water,  filtering  it,   evaporating  this  lixivium  in  a 
copper  veifel,    melting  the  refidue  in  a  crucible,    and 
pouring  it  out  upon  a  plain  furface.     The  product  ob- 
tained by  this  operation  is  merely  a  dirty  alkali  not  ve- 
ry cauftic,  and  containing  copper. 

Bucquet,  fenfible  of  the  difadvantfiges  of  this  pro- 
cefs, 

*  Tbefe  ifhci  contain  a  great  deal  of  vegetable  alkali  or  carbon* 
and  fulphatc  of  potato—  F. 
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cefs,  has  given  one,  more  tedious  and  expenfive  in- 
deed, but  much  more  certain  and  advantageous,  efpe- 
cially  for  preparing  very  pure  potafh,  which  is  fo  ne- 
ceflary  in  chemical  experiments.  Take  two  pounds  of 
very  ftrong  quicklime ;  pour  a  little  water  upon  it  to 
reduce  it  to  powder  ;  add  a  pound  of  fixed  fait  of  tar- 
tar, and  pour  upon  it  as  much  water  as  may  be  fuffi- 
cient  to  form  it  into  a  pafte  :  When  this  mixture  be- 
comes cool,  add  to  it  water  to  the  quantity  of  fixteen 
pints,  and  put  the  whole  into  a  linen  cloth  lined  with 
paper ;  about  twelve  pints  of  a  clear  liquor  will  pafs 
through  this  drainer,  and  the  remained  is  to  be  wafhed 
with  four  pints  of  boiling  water  to  take  away  all  the  al- 
kali. This  liquor  gives  no  effervefcence  with  acids  : 
but  the  bed  teft  for  trying  its  caufticity  is  to  obferve 
whether  it  clouds  lime-water ;  for  if  it  contain  the  final* 
left  portion  of  carbonic  acid,  it  will  infallibly  produce 
that  effe£L  But  as,  after  this  fir  ft  procefs,  it  ft  ill  gives 
a  ptecipitate  with  lime-water,  when  very  pure  alkali  is 
wanted  for  nice  experiments,  the  lixivium  may  be 
treated  with  two  additional  pounds  of  quicklime.  It 
then  pafles  very  clear  through  the  (trainer,  and  be- 
comes fo  cauftic  as  not  to  alter  the  tranfparency  of  lime- 
water.  When  the  alkali  is  evaporated  by  fire  in  the 
open  air,  that  fait  abforbs  the  carbonic  acid  contained 
in  the  atmofphere ;  therefore,  to  obtain  it  in  a  dry 
form,  and  very  pure,  we  muft  evaporate  the  liquor  in 
a  retort.  But  this  very  tedious  procefs  is  not  necefla- 
ry  for  producing  the  lapis  caufticus  ;  for  if  alkali  be  of 
fuch  flrength  as  to  corrode  the  furface  of  the  (kin,  it  is 
fufficient  for  the  purpofes  of  that  preparation.  But 
as  dry  folid  potafh,   in  a  ftate  of  high  purity,   is  necef- 
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fary  it\  many  experiments,  I  mnft  here  obfcrre,  that 
the  cauftic  alkaline  lixivium  mitft  be  evaporated* 
in  clofe  veffels,  and  that  the  fire  rauft  be  very  cauti- 
oufly  managed,  becaufe  the  evaporation  is  attend- 
ed with  confiderable  difficulty,  in  regard  to  the  dua- 
lity which  the  liquor  a  flumes  towards  the  end  of  the 
procefs.  The  fixed  alkali  is  very  white,  and  does  not 
effervefce  with  acids,  nor  deftroy  the  purity  of  lime. 
Water. 

Magnefia  does  not  ad  on  carbonate  of  potafh ;  for 
the  carbonic  acid  has  a  greater  affinity  with  fixed 
vegetable  alkali  than  with  that  falino- terrene  Jub- 
ilance. 

The  fulphuric,  the  nitric,  the  muriatic,  and  the 
fluoric  acids,  decompofe  carbonate  of  potafh  by 
combining  with  ihe  fixed  alkali,  and  feparating  the 
carbonic  acid  with  effervefcence.  The  acid  may  be 
collected  ur  der  water  or  mercury.  It  is  diflingutfh* 
able  by  the  four  following  chara&eriftics :  it  if 
more  ponderous  than  air;  it  *  extinguishes  lights; 
reddens  tindture  of  turnfol j  and  precipitates  lime* 
watet. 

The  boracic  acid  feems  incapable  of  feparating  the 
acid  from  carbonate  of  potafh  cold  ;  but  when  hot,  it 
eflfedts  it  with' great  eafe. 

The  neutral  falts  which  we  have  examined,  neither 
fufFer  any  alteration  from  carbonate  of  potafh,  nor  pro* 
duce  any  fuch  effect  upon  it. 

This  fait  abounds  in  nature.  It  is  often  found  in  ve- 
getables, completely  formed,  and  is  conftantly  ob- 
tained by  the  incineration  of  thefe  organic  bodies ;  a* 
we  fhall  have  occudoa  to  fhow  when  we  come  to  fpeak 
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of  the  vegetable  kingdom.  Burnt  tartar  affords  it  in 
the  greateft  abundance.  It  is  alfo  prepared  by  the  de* 
tonation  of  nitre  of  potafli. 

Carbonate  of  potafli  is  much  ufed  in  the  arts.  In 
medicine,  it  is  adminiftered  as  an  aperient  and  difcuf* 
fire,  in  obftru&ioui  of  the  mefentery  and  the  urinary 
pafiages.  It  is  always  given  in  fmall  dofes,  and  along 
with  fome  fubftance  of  efficacy  to  moderate  its  ac* 
tion.  f 

Species  XII.     Carbonate  of  Soda. 

Tflis  fait,  like  the  foregoing,  was  formerly  thought 
an  alkali*  It  is,  however,  a  combination  of  the  car* 
bonic  acid  with  mineral  alkali.  This  feems  to  be  the 
fait  which  the  ancients  called  natrunu  It  is  ufually 
called  fait  of  foda,  becaufe  it  may  be  obtained  pure 
and  regularly  cryftallifed  by  evaporating  a  lixivium 
of  common  foda.  Marine  alkali  is  like  wife  diftinguifli? 
ed  from  vegetable  fixed  alkali,  by  its  being  fufceptible 
of  cry  ftallifation  and  efflorefcence,  wtfich  is  owing  to 
its  being  completely  faturated  with  carbonic  acid  in  its 
ordinary  date. 

Carbonate  of  foda  has  an  alkaline  tafte ;  it  commu- 
nicates a  green  colour  to  fyrup  of  violets,  but  does  not 
like  cauftic  foda,  finally  alter  its  colour.  Its  tafte  is  urinous, 
but  not  burning,  and  much  weaker  than  that  of  pure 
marine  alkali. 

This  fait  is  naturally  purer  than  carbonate  of  potafli, 
and  bas  been  long  known  to  be  fufceptible  of  cry  ftal- 
lifation ;  a  property  which  may  be  confidered  as  form- 
ing a  general  diftin&ion  between  neutral  and  fimple 
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falts.  Its  cryftallifed  form  is  owing  to  its  eontainmg 
almoft  always  the  quantity  of  carbonic  acid  neceflkry 
to  its  faturation  and  cryftallifation. 

This  fait,  when  haftily  cryftallifed,  exhibits  rhom* 
boidal  plates,  difpofed  obliquely  over  one  another,  like 
tiles  on  the  roof  of  a  houfe.  When  flowly  cryftallifed, 
it  afitimes  the  form  of  rhomboidal  o&ohaedrons,  with 
pyramids  truncated  near  the  bafe,  or  folid  decahaedrons, 
with  two  acute  **nd  two  obtufe  angles. 

This  fait  generally  melts  eafier  than  carbonate  of 
potato  ;  for  which  reafon  it  is  ufed  in  preference  to  it 
in  the  glafs  houfes.  It  lofes  mod  part  of  its  acid  by 
heat  but  (till  retains  a  little.  Bergman  has  found,  by 
fn  exaft  analyfis,  that  an  hundred  parts  of  carbonate 
of  foda,  which  he  calls  aVrated  mineral  alkali,  contain 
fixteen  parts  of  the  acid,  twenty  of  pure  alkali,  and 
fixty-four  of  water : — fo  that  more  of  the  acid  is  requi- 
fite  to  faturate  foda  than  to  faturate  potafli ;  and  the 
cryftals  of  the  former  retain  juft  twice  as  much  water 
as  thofe  of  the  latter.  It  is  to  this  extraordinary  quan- 
tity of  water  that  carbonate  of  foda  owes  its  cryftalli* 
fing  with  fuch  facility  and  regularity,  as  well  as  its 
property  of  cfflorefcing. 

Carbonate  of  foda  is  more  foluble  than  carbonate  of 
potato.  It  difiblves  in  two  parts  of  cold  or  one  of 
boiling  water.  It  cryftallifes  by  cooling,  but  gives 
much  more  regular  cryftals  by  flow  evaporation. 

When  this  iak  u  expofed  to  the  air,  it  crumbles 
down  very  readily  into  duft  ;  for  the  air  deprives  it  of 
the  water  of  its  cryftallifation  :  But  it  is  not  altered  by 
this  effloreience  j  for  we  can  reftore  it  to  its  primary 
form  by  folution  in  vfiiter. 

It 
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It  contributes  greatly  to  the  fufion  of  verifiable 
earths,  and  forms  with  them  a  glafs  lefs  liable  to  alte- 
ration than  that  which  is  in  part  compofed  of  carbonate 
of  potafh,  to  which  it  is  for  this  reafon  preferred  in  the 
glafs-houfes.  It  has  been  obferved,  that  when  fahd 
unites  with  this  fait,  it  expels  the  acid,  which  efcapes 
with  a  very  obfervable  effervefcencc,  agreeably  to  what 
we  have  remarked  of  carbonate  of  potafh.  It  has  no 
more  influence  on  clay  than  the  laft  fait. 

Barytes,  as  well  as  quicklime  and  limewater,  de- 
compofes  carbonate  of  foda  in  the  fame  manner  as  car- 
bonate  of  potafh,  and  feparates  the  pure  cauftic  mine- 
ral alkali.  A  folution  of  this  fait  poured  into  lime* 
water  produces  a  precipitate ;  an  effe&  which  is  never 
produced  by  cauftic  foda.  When  pure  cauftic  foda  is 
wanted  for  nice  chemical  experiments,  recourfe  rauft 
be  had  to  the  fame  procefs  which  we  defcribed  above 
for  preparing  the  lapis  caujlicus. 

Carbonate  of  foda,  as  well  as  carbonate  of  potafh* 
may  be  decompofed  by  the  fulphuric,  the  nitric,  and 
the  muriatic  acids,  &c.  The  carbonic  acid  may  be 
obtained  from  it  by  collecting  it  into  a  glafs  filled  with. 
water  or  mercury. 

In  Egypt,  this  fait  is  found  entirely  formed  at  the 
furface  of  the  earth,  as  well  as  in  feveral  other  places. 
It  is  like  wife  found  in  the  afhes  of  fea-  weeds,  but  not 
completely  faturated  with  the  acid.  To  render  it  more 
perfedly  neutral,  it  mud  be  diredly  combined  with 
the  cretaceous  acid,  either  by  fhaking  it  over  fome  II* 
quor  in  a  ftate  of  fermentation,  or  by  receiving  into  a 
fulution  of  it  a  portion  of  the  carbonic  acid,  fe  pa  rated 
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from  chalk  by  the  fulphuric  acid.  It  may  be  alfo  pro- 
duced by  wetting  the  fides  of  a  veflel  with  a  folutioa 
of  foda,  and  then  pouring  into  the  veflel  a  quantity, 
of  carbonic  acid :  the  mouth  of  this  veflel  is  then  to 
be  covered  with  a  wet  bladder ;  and  at  the  end  of  a 
,  few  hours,  the  combination  is  found  to  be  effected,— • 
for  the  bladder  is  emptied  by  the  abforpiion  of  the 
carbonic  acid,  .and  the  fides  of  the  veflel  are  covered 
with  the  fait  in  regular  cryflals. 

Carbonate  of  foda  may  be  applied  to  the  fame  pur- 
pofes  with  carbonate  of  potafh.    It  is  much  more  ufed 
in  foap  and  glaCs  manufa&ories,  &c.  &c.     We  fhould 
therefore  endeavour  to  procure  it  in  greater  quantities, 
and  to  extrad  it  in  the  great  way  from  muriate  of  fo- 
da.    We  have  feen  that  litharge,  which  fome  chemi/ls 
pretend  to  be  adequate  to  this  effed,  does  not  proper- 
ly decompofe  that  fait.    We  have  alfo  taken  notice  of 
Scheele's  having  difcovered  a  more  entire  de  com  poll- 
ution of  muriate  of  foda,  effe&ed  by  quicklime  and  iron, 
with  the  help   of  atmolpheric  air,  and  the  carbonic 
acid  which  it  contains.     We  fee  that  a  greater  propor- 
tion of  this  acid  than  what  ufually  exifts  in  the  atmoi- 
phere,  is  requifite  to  promote  this  decompaction,  by 
exerting  its  attractive  force  on  the  foda. 
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